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PREFACE 



It is now seven years since the first edition of this work was 
published, and during this short period very great advance has 
been made in many branches of microscopical inquiry, both in 
this country and on the Continent. 

Since the publication of the original work, Messrs. Powell and 
Lealand have succeeded in making, at the request of the author, 
an object-glass magnifying 1,800 diameters. He hopes shortly to 
receive from them a power as much superior to this as the jjth is 
to the old Yetli- Microscopical science is greatly indebted to 
these makers for the advances made by them upon several 
occasions in the manufacture of object-glasses, and in the con- 
struction of microscopes. * 

The author has considered it better to divide the work into 
chapters instead of lectures, but the original style has been 
retained, because it was thought to be well adapted for the 
descripition of practical details, in which clearness is of far 
greater importance than eWgance of expression. 

The book now contains more than twice the amount of work 
in the last edition. Many of the paragraphs have been re-written , 
and three new chapters, containing nearly one hundred pages, 
have been introduced. The number of plates has been increased 
from 32 to 56. 

The author has still further improved upon the mode of 
injection and preparation of tissues advocated by him and now 
adopted by many observers. In this edition the details of the 
particular mfethod of preparation carried out by the author in 
his investigations with the aid of the highest magnifying powers 
yet made, are for the first time published. 

For the beautiful photograph which formS the frontispiece the 
author is indebted to. his friend Dr. Maddox, who has also 
afforded him very great assistance in writing the chapter on 
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photography. This is one of the most valuable chapters in the 
book. It contains the results of many years' most earnest work, 
by one of the most successful workers in this department of 
photography. The detail of some of the photographic illus- 
trations is so very minute, that many points cannot be seen by 
the unaided eye. A lens of low magnifying power has therefore 
been appended to the volume, to enable the reader to see the 
beautiful microscopical details which have been obtained by this 
mode of illustration, in which Dr. Maddox is striving to achieve 
still greater success. 

Many of the best wood engravings in the volume have been 
engraved by Miss Powell, to whom, as well as to Messrs. Harrison 
for the great care bestowed in printing, the author's thanks 
are due. 

The author regrets that the book should have been so long out 
of print, and the publication of the new edition so long delayed. 
He was anxious to improve it to the utmost of his power and 
increase its usefulness as a practical work ; and he has, therefore, 
spared neither time nor trouble, and has refrained -from hurrying 
it through the ^ress, feeling satisfied that time spent in 
perfecting practical details connected with demonstration, is well 
employed. For, however some "may be inclined to disparage 
hand work as distinguished fro.'n head work, it is certain that 
no one can become a good microscopical observer, unless he is 
possessed of considerable manual dexterity, to be acquired only 
by long practice ; and no work can l:)e higher or more useful than 
that of assisting to make men original workers in any department 
of science, and of encouraging original work. Working books 
by working men will do far more towards these ends than the 
most brilliant discoveries, and the author believes that earnest 
men cannot labour more usefully than by endeavouring to make 
others work. 



61, GEOSVENoa Street, W., 
Avgust, 1864. 



PEEFACE TO THE SECOND EDITION. 

With the view of increasing tlie usefulness of this work, 
numerous explanatory illustrations have been added in the 
present edition. 

The author, both in the text and in the explanations to the 
engravings, has endeavoured to restrict himself, as far as possible, 
to giving hints and directions which may be practically useful to 
the student while he is at work. AU matter that would be 
merely interesting to the general reader has therefore been 
altogether omitted. Directions for working cannot well be too 
explicit and precise, and the more simply they are given, the 
more useful they are likely to be. 

61, Grosvenor Street, Jarmary, 1861. 



PEEFACE TO THE FIEST EDITION. 

An earnest desire to assist in diffusing a love for microscopical 
inquiry, not less for the pleasure it affords to the student, than 
from a conviction of its real utility and increasing practical 
value in promoting advancement in various branches of art, 
science, and manufacture, — a wish to simplify, as far as possible, 
the processes for preparing microscopical specimens, and the 
methods for demonstrating the anatomy of different textures, — 
and the belief that many who possess microscopes are deterred 
from attempting any branch of original investigation solely by 
the great difficulty they experience in surmounting elementary 
detail and mere mechanical operations, — are my chief reasons for 
publishing this elementary course of lectures, which was delivered 
during the past winjter. 

It has been thought desirable to append the tables which I 
have been accustomed to use in my course of practical demon- 
strations, for the purpose of enabling everyone to practise for 
himself the most useful branches of manipulation. Each table 
will occupy the student about two hours. 

Subjoined is a list of the apparatus required for microscopical 
research, much of which is simple and inexpensive. A nurajjier 
has been added to each instrument, by transmitting which to 
any instrument maker, the observer wUl be furnished with the 
apparatus required. 

L. S. B. 

Pathological LABoaATORY, 
27, Carmj Street, Lincoln' s-irm, JuTie^ 1857. 



TO THE EEADEE. 

Some persons may prefer to study the contents of tliis iook by referring, in the 
first instance, to the plates. The boolc may, in fact, be " read " in this way. The 
figures are explained at the lower part of 'the plate, but under each will be 
found a reference to the section in which the matter it illustrates is discussed, 
st^that, with a very little trouble, the observer may render himself familiar with 
most of the instruments and different pieces of apparatus required in micro- 
scopical observation. But the author recommends the beginner to " read " the 
book by practising the tables, commencing at page 249, or if he has not patience 
for this, he should at least go through the processes in §136, page 73. 
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es — Spherical and Chromatic Aberration — Angle of 
"ture — The Mirror. MeohaistoaIi PoeTion op the 
soscoPB. — Adjicstmenfs for altering the Focus — The 
I of the Microscope^— The Stage — Diaphragm — Micros- 
Makers — Students' Microscopes — Necessary Appa- 
i— Large Microscopes — Binocular Microscopes — Tra- 
rtg and Dissecting Microscopes — GUnical, Pocket, 
elling, and Glass Microscope — Dissecting Microscope: 

troduotion. — The course of instruction which I am about 
nance will embrace the consideration of many subjects 
?iotly practical character, and although it may be found 
)f that interest which necessarily attends the description 
tructure of living beings, or the theoretical speculations 
e causes of vital phenomena, I trust it will prove prac- 
useful to those who desire to prosecute microscopical 
I. 

m will be to describe the mode of examining diflferent 
in the microscope, the best methods of displaying their 
e, and the manner in which they may be preserved 
sntly. How best to demonstrate the peculiarities of a 
e is a question often asked by the microscopist, and it is 
)rtant one, for upon the method employed very much 
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• depends. The success which attends our efforts in this field of 
research is, I believe, in great measure dependent upon our 
knowledge of the various methods which experience has shown 
to be advantageous for rendering the anatomical peculiarities of 
a texture clear and distinct, and it will be found that the most 
important new facts which have lately been added to science 
have been discovered by men who have paid the greatest atten- 
tion to the action of various re-agents, and have devised new and 
ingenious modes of investigation. 

From my position as a teacher of physiology and morbid 
anatomy and of clinical medicine in a large medical school, I 
have been naturally led to direct my attention chiefly to those 
branches of microscopical investigation which belong more par- 
ticularly to my own department, or which bear directly upon the 
investigation and treatment of disease ; but in this work I shall 
exclude everything of a strictly professional character. I shall 
allude only to those processes applicable to general microscopical 
research, and to the investigation of animal and vegetable 
tissues. 

Many little points to which I shall have to refer may perhaps 
be stigmatized as merely mechanical ; others may be regarded as 
belonging rather to the province of the chemist than to the 
microscopical observer; and not a few will perhaps seem to 
some readers unimportant and hardly worthy of attention. 

Some may consider such matters of manipulative detail to be 
out of the province, or even beneath the notice, of a scientific 
observer or a medical practitioner ; but those who feel the reality 
and the usefulness of thorough work will not think this. No man 
ever did perform real work until he had himself mastered 
minute practical details. Every one who has experienced the 
happiness of devoting himself to original research naturally 
desires to encourage others in the same course ; and how can this 
be done better than by showing as clearly as is possible how 
good work may be carried out ? 

There are few matters upon which more misapprehension exists 
among young men than this : how to master elementary prac- 
tical details, by which alone real success in the higher branches 
of work can be attained. Not a few express contempt for 
elementary work and mechanical skiU, by the aid of which ' 
alone can any one hope to add to existing knowledge. This false 
notion has not been discountenanced by teachers in the firm 
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manner in which it should have been met. In this particular 
branch of inquiry, for example, the importance of injection and 
of preparing specimens and other practical work has been very 
much underrated, and in some cases even contemned as useless 
waste of time. It is the very grammar of the subject, which 
must be mastered and mastered thoroughly. The number of 
original observers emanating from our schools will vary in pro- 
portion to the encouragement afforded to this kind of work. 

I feel so very strongly that success in microscopical as well 
a,s chemical inquiries is connected with a readiness in sur- 
mounting comparatively small difficulties and with the possession 
of mechanical dexterity, that I feel it a duty to dwell somewhat 
on the subject ; and I should be doing a great injustice to my 
pupils if I did not instruct them in microscopical manipulation, 
and endeavour to facilitate, as far as possible, the performance 
of those operations which are essential to the successful demon- 
stration of the structure of textures under the microscope. 
These are questions not beneath the consideration of any one 
who takes a real interest in studying the structure of the differ- 
ent organisms by which he is surrounded, — and it is the same 
in this as in other branches of inquiry, that he who is most fully 
conversant with elementary detaU will be the most successful in 
the consideration of the higher and more abstruse problems, 
while he will feel a real love for his work, which is denied to the 
mere superficial inquirer. 

To endeavour to discover new methods of investigation 
appears to me to be one of the most important duties of every 
observer. To communicate these to his pupils must be the 
desire of every teacher of any branch of natural science. 

I am strongly of opinion that it is more necessary than ever 
that we should teach as much as possible by the eye. In teaching 
any branch of natural science the demonstration should be com- 
bined with oral teaching. The student should see what is 
described ; and where it is not possible for the teacher to exhibit 
illustrative specimens, good models, drawings, and explanatory 
diagrams should be supplied. It is the duty of gvery teacher to 
study how to communicate knowledge most easily and most charly 
and to save the student as much time as possible, for it is not 
likely that the amount of work which is required by the various 
examining boards will be reduced, nor indeed is it desirable that 
it should be. It is therefore incumbent upon teachers to facili- 

js 2 
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tate the communication of knowledge in every possible way. A 
lecturer on every branch of microscopic inquiry can now show 
his pupils the structures he describes. For the last three years I 
have carried out this plan myself, and have found that it works 
admirably. I am able to demonstrate from eight to twelve 
microscopical specimens to a large class in the course of an hour, 
and, it need scarcely be added, such a system adds greatly to the 
interest of lectures, and enables the student to acquire a correct 
idea of structure, which it is impossible for him to obtain by 
reading or from mere description with the aid of diagrams. 

By describing the results of the investigations of others, we are 
enabled to diffuse knowledge. By detailing the conclusions we 
have arrived at from our own investigations, each may contribute 
his mite to the gradually increasing stock of information ; but in 
impressing strongly on his pupils the nature of the successive 
steps by which conclusions in scientific inquiries have been at 
length arrived at, and by describing to them minutely the 
methods employed in investigations, the teacher not only encou- 
rages his pupils to become original observers, and to investigate for 
themselves, but he places them in a position to commence new 
researches at a point where they have been abandoned by pre- 
ceding observers. 

Microscopical inquiry may be undertaken by persons in almost 
any position. The numerous cheap and excellent microscopes 
which have lately been made by many English makers have 
largely contributed to diffuse a knowledge of minute structure. 
The annually increasing sale of instruments of all classes shows 
how popular this branch of inquiry is becoming ; yet, I fear, it 
must be confessed that the additions to scientific knowledge are 
by no means so great, as a consideration of these circumstances 
would have led one to anticipate, and although there are many 
instruments, I fear it must be confessed that the observers are 
comparatively few. 

The opinion, that it is only necessary to place an object in the 
field of the microscope in order to make out its structure, seems 
far too prevalent. To this erroneous idea much of the disap- 
pointment suffered by many who are provided with microscopes 
may be traced. 

2. The Microscope. — I shaU first of aU draw attention to the 
reouisite qualities of a good practical instrument, and the 
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necessary accessory apparatus. The many excellent books in 
our own language render it unnecessary for me to occupy time 
in a minute description of the parts of which the instrument is 
composed, and to these works I must refer for information on 
this head.* At the same time it will be well for me to allude 
in general terms, and very cursorily, to certain points which 
every good microscope should possess, and to refer very briefly to 
the general form of instrument required by the student. 

The GompouThd Microscope is the only one now used for micro- 
scopical research. Until those great improvements in the mode 
of making the glasses, now universally employed, had been 
introduced by the successful labours of Mr. Lister, Mr. Boss, and 
others, the compound microscope was a very imperfect instru- 
ment, and even up to the present century the simple microscope, 
as employed by Leeuwenhoek, and improved by WoUaston and 
others, possessed many advantages over its more complex but 
imperfect rival. I shall not attempt to explain those beautiful 
optical principles upon which the value of the microscope, as an 
instrument for minute research, depends. There are, however, 
several terms in constant use to which I shall have occasion to 
aUude which it seems to me desirable to explain briefly. 

3. Simple and Compoimd Microscopes. — In the simple micro- 
scope (Fig. 1, Plate I) the magnified image of the object passes at 
once to the eye of the observer. 

In the compound microscope (Pig. 2) the object is magnified in 
the first instance by the object-glass, o, and brought to a focus 
.within the tube, as represented at a, in the diagram. This 
magnified image is again magnified by the eye-piece, b. The image 
is of course inverted, but this inconvenience may be obviated by 
causing it to pass through another set of lenses inserted in the 
tube of the microscope, and termed the errector. The magnifying 
power, then, of the compound microscope may be increased either 
by increasing the power of the object-glass or that of the eye-piece, 
or by increasing the distance between the object-glass and the 
eye-piece. It must be borne in mind, however, that in increasing 
the power of the eye-piece we do not magnify the direct itself in 
a greater degree, but simply increase the size of the image of the 
object formed by the object-glass. Any imperfections which may 

* Tor list of works soe end of the volume. 
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exist in the object-glass are thus greatly increased. Hence we 
should never work with deep eye-pieces, but when we wish to 
magnify an object to a greater degree, we should adapt a higher 
power to the instrument. Information upon obtaining very high 
powers will be given in the last chapter. 

In glancing cursorily at the structure of the microscope, it 
will be convenient for me to allude in the first place to the 
optical portion of the instrument, and secondly to the mechanical 
appliances for moving the object, altering the focus, <fec. The 
Optical portion includes the eye-piece, object-glass, and the 
mirror from which the light is reflected so as to pass through the 
object. 

Optical Portion op the Miokoscope. 

4. H'eg'ative Eye-piece. — The eye-piece in ordinary use is the 
negative or Hughenian eye-piece (Fig. 3, Plate I). It consists of 
two plano-convex glasses, the flat surfaces of each being directed 
upwards. The one nearest the eye of the observer is the eye- 
glass, and the one at the greater distance iha field-glass, 

5. The Positive Eye-piece, of Ramsden (Fig. 4), is only used 
in those cases in which it is necessary to see distinctly some 
object in the eye-piece, as an instrument for measuring, at the 
same time that the object itself is in focus. In the latter eye- 
piece the convex surfaces of each of the two glasses are directed 
towards each other as represented in this diagram. 

Kelner's eye-piece is made like the negative eye-piece, but the 
eye-glass is an achromatic combination. At the suggestion of 
Mr. Brooke I have lately used this eye-piece as a condenser with 
the best results. 

6. Object-glasses. — The object-glasses (Fig. 6, Plate I) used in 
the best instruments are of English manufacture, but some of 
those furnished with the cheap microscopes are made on the 
oontiuent, and are much less expensive. The defining power of 
many of these foreign objectives is very good, and they are 
admirably adapted for all ordinary work — they vary in price from 
ten to thirty shillings, but a good English quarter of an inch 
glass cannot be purchased for less than five pounds. 

The two most useful object-glasses for the student are the 
quarter of an inch which should magnify from 200 to 220 




Fig. 1. Illustratea the manner in whicli an object is magnified by the simple microscope ur \iy a 

lens. 
Tig. 3. Diagram of compound microscope, a. Point where tlie object is brouijlitto a t'nrus Iiy llic 

object-glass (c). Tlie image formed at this point is iiiagnitied again by tlie eje-piece B. 
I'ig. 3. iSegiitive or Iluyglitniaii eye-piece. 
Fig. 4. Positive eye-piece invented by Ramsderi, 
Fijf. 5. Compound glasses of an achromatic object-glass. 

[To face pitge d.] 
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diameters, and the inch which sho^uld magnify from 30 to 40 
diameters. The definition of these glasses should be good, and 
they should transmit plenty of light. Any lines in a structure 
examined by them should appear sharp and distinct. The whole 
field should bo perfectly flat, and every part of it in focus at the 
same time. The field should not be too small, and there should 
be no coloured rings round any objects subjected to examination. 
Some object glasses lare now made so that the object must be 
viewed through a thin stratum of water placed upon the surface 
of the covering glass (d immersion). Hartnach's powers are 
among the best made upon this principle. Mr. Brooke has well 
observed that by this plan the object is much more highly 
illuminated, because rays are transmitted, which in the ordinary 
process of examination are reflected from the lower surface of 
the object-glass. 

7. Spherical and Chromatio Aberration. — A glass is said to be 
uncorrected for spherical aberration when objects at the circum- 
ference of the field are not in focus at the same time as those in 
its centre (Fig. 7, Plate II), and it is not corrected for chromatic 
aberration if there are coloured fringes around any objects sub- 
jected to examination by it (Fig. 8). The defining power of an 
object-glass will be very imperfect if it be not properly corrected 
for spherical and chromatic aberration. 

8. Ang:le of Aperture. — For ordinary work it will be found in- 
convenient if the object-glass, when in focus, comes too close to 
the object. This is a defect in glasses having a high angle of 
aperture. The an^le of aperture is the angle made by two lines 
from opposite sides of the aperture of the object-glass with the 
point of focus of the lens. The angle B A B in Fig. 6 is the 
angle of aperture. Glasses with a high angle of aperture admit 
much light, and define many structures of an exceedingly delicate 
nature, which look confused when examined by ordinary powers. 
For general work I recommend glasses with an angle of not more 
than from 50 to 100 degrees. 

Mr. Ross has lately made glasses having an angle of 170 
degrees, which are valuable for investigations upon many very 
delicate and thin structures, such as the diatomacese ; but such 
powers are not well adapted for ordinary work. The importance 
of arranging the object very carefully and the necessity of 
paying great attention to the illumination, render these glasses 
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inconvenient for general observation. The penetrating power of 
glasses with a low angle is much greater than in those of a high 
angle of aperture, so that exact focussing is much more im- 
portant in the latter than in the former. 

The refraction produced by the passage of the light through 
the thin glass covering the object varies according to its thick- 
ness, and it has been found necessary to render the higher powers 
capable of being adapted to this variable refraction. It is especi- 
ally necessary in glasses of high angle of aperture, and is effected 
by altering the distance between the second and third pair of 
glasses. An engraved line shows the point to which the lens 
should be screwed up when adapted for uncovered objects, and 
another corresponds to its position for covered objects. In order 
to adjust the object-glass, it is first arranged for an uncovered 
object ; then any object covered with thin glass is brought into 
focus by moving the body of the microscope ; next, the ring 
which carries the third lens is screwed round until any particles 
of dust upon the upper surface of the glass are brought into focus. 
The glass is then " corrected " for examining the covered object 
which may be brought into focus. 

0. The Mirror. (Fig. 1 0, Plate II) should be capable of move- 
ment upon an upright beneath the stage, so that it may be arranged 
near to, or at a distance from, the object, and it should be capable 
of being inclined at any angle, so that rays of light may be 
reflected from it and made to pass directly through the object in 
straight lines, or thrown upon it in a very oblique direction. 
The mirror should be of full size, one surface quite plane and the 
other concave, so that a strong light may be condensed upon the 
object when required. 



Meohakioal Pomion op the MioaosooPE. 

In directing attention to the mechanical arrangements of the 
microscope, I must say a few words upon the adjustments for 
altering the focus, the body of the instrument, and the stage. 

10. Adjustments for altering the Poous. — The ordinary move- 
ment is obtained by the rack and pinion. In some the body 
is moved by the fingers alone, and is arranged to slide in a tube 
like a telescope. In the instruments of Mr. Ladd the requisite 



PLATE II. 



Fi^. 6. 



Fi^. 7. 




Ilg. 6. Objertive, witli low an^rle of aperture bab. Aiiotlier wiUiliigh [iiitjleof aperture b ab. 
i'ig. 7- Tu illustrate " spherical aberration," Tlie rays a a being; more refi'actetl than those near 

the centre b, are brought to a focus nearer the lens. 
Fig. 8. To iUustrnte "chromatic aberration." The \ioletand blue rays being most refrangible are 

bi-ouglit to a focus, A, nearer tlie lens tlian the red rays, T, which are the least refrangible of 

tlie rays of the spectrum. Any object phiced at l r. woutd e.vhliiit coloured fringes. 
Fig. 9. Stage of student's microscope, showing diaphragm (jj 1'6) placed beneath. I'roni a to 4 

should not be less than two inches (§ lH). 
Fig. 10. Mirror. 

[To lace paije H.1 
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motion is obtained by the ordinary milled head, while delicate 
focussing is carried out by a lever. The movement is by a chain 
instead of rack and pinion. 

Besides these coarse adjustments, however, every microscope 
should be provided with a more 'delicate motion for altering the 
focus when high powers are employed. The fine adjustment is 
differently arranged in detail in various instruments, but is 
effected by turning a screw having a very fine thread. The 
movement of Mr. Ladd's chain is so regular and delicate as to 
supersede the necessity of a fine adjustment. Mr. Highley has 
adopted the chain movement. 

11. The Body of the microscope. — The instrument should be 
perfectly steady, whether the body be inclined or arranged in a 
vertical position ; and not the slightest lateral movement or 
vibration should be communicated to the body of the misoroscope 
when the focus is altered by turning either of the adjustment 
screws. The base or foot should be sufficiently heavy to give 
steadiness, and should be placed upon three small feet. 

The body ought to be provided with a joint by which it may be 
inclined or placed in a horizontal position, which is required 
when drawings are made with the camera, or when objects are 
measured by the aid of this instrument. Another advantage 
gained by this moveable joint is that the muscles of the neck do 
not become so tired when the body of the microscope is inclined 
as when the head has to be bent, for several hours at a time, 
over an instrument standing upright. The larger the microscope 
may be, the more necessary is this joint for the comfort of the 
observer ; and as it in no way impairs the steadiness of the 
instrument/ and only adds a few shillings to the expense, I 
recommend every one, in the choice of a microscope, to select an 
instrument which may be placed in a vertical, inclined, or 
horizontal position. The existence of this joint can do no harm, 
and if the observer never intends to incline his microscope, it is 
at least desirable that such an alteration in its position should 
be possible. ' 

12. The Stage should be sufficiently large to admit either 
edge of a glass-slide, two inches in diameter, to be brought 
under the object-glass (Fig. 9, Plate II). The stage of the 
microscopes of Nachet, Oberhauser, and some other foreign 
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makers is too small. The distance from the upright pillar a (Fig. 
9) to the centre of the object-glass on a level with b should not 
be less than two inches. 

13. Diaphragm.— Beneath the stage a circular diaphragm 
with holes in it of several different sizes should be so arranged 
that it can be made to revolve without difficulty and any hole 
brought under the object ; a catch is of great advantage in 
placing the hole in the centre of the field {see Fig. 9). 

14. Miorosoope Makers. — The great number of different 
microscopes and the excellent workmanship employed in their 
construction render it a difficult as well as a delicate task for 
a teacher to recommend any special one to his pupils. A].though 
many of the instruments which I have used are exceedingly 
good, I doubt not that there are others, which I have never had 
an opportunity of testing, quite as good in every respect. In 
the next section the instruments of several makers are alluded 
to, and the names and addresses of the principal English and 
Foreign microscope makers will be found at the end of the 
volume. 

It is due to those makers who have taken the lead in the 
manufacture of cheap microscopes that their instruments should 
be specially referred to. By cheap microscopes I mean instru- 
ments which, with two powers, an inch and a quarter-inch, can 
be purchased for about five pounds. 

15. Students' miorosoopes.— Mr. Salmon, Mr. Highley, and 
Mr. Matthews were, so far as I know, the first makers in • 
London who brought out a really good, cheap, practteal instru- 
ment, furnished with foreign object-glasses. Mr. Highley's 
first microscope is represented in. Plate V ; Mr. Salmon's student's 
microscope is represented in Plate IV ; Mr. Highley's recent 
pattern in Figs. 41 and 42, Plate XIII ; Messrs. Murray and 
Heath's new microscope (7Z.) is a very good and most convenient 
instrument. 

I would strongly recommend all who are about to purchase a 
student's microscope to examine the instruments of these makers. 
I can also recommend the new microscope of Messrs. Smith and 
Beck, which costs five pounds. 

The microscope made by Mr. Field, of Birmingham, which 
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Fig. jI. 




Microscope of Messrs. Powell and Lealand, adapted for all purposes, M'lijcli folds up and 
packs in a small flat case. § 15. 



To face page 10.1 
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J'lg. n. 




Mr. Salmon's stiiclenl's inicroscopii. § 1,5. 



[To follow Plate III. 




Sindeiit's niiornscope, designed by Mr. Highley, on a stand, so lliiit it may he rendily covered 

M'itli a ginss sliade. § 15. 



|Tu IVilloiv Pliiru IVI 
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gained the medal at the Society of Arts, is, for the price, an 
exceedingly good instrument. It is provided with two eye- 
pieces, two object-glasses (magnifying from 25 to 200 diameters), 
bull's-eye condenser forceps, and a live box, and, packed in 
mahogany case with this apparatus complete, costs only three 
guineas. 

Those who wish for a microscope as perfect as can be made 
in the present day, I should advise to look at the beautiful 
instruments of Powell and Lealand, Ross, and Smith and Beck. 
In alluding specially to these instruments, I wish it to be dis- 
tinctly understood that I do not in any way disparage the work 
of other and less celebrated makers. As I have had very great 
experience of the instruments of Messrs. Powell and Lealand, 
I feel it right to state that I have always found their work most 
excellent. These makers have done much to perfect the com- 
pound microscope, and they have produced the highest and most 
perfect object-glasses yet made in Europe. Messrs. Powell and 
Lealand's microscope, which folds up in a very small space, is 
represented in Plate III. 

In choosing a microscope, the following requirements should be 
borne in mind : — With reference to the optical part, — the inch 
object-glass should magnify not less than 30 diameters, and the 
quarter not less than 200, when the shallow eyepiece is applied. 
Ih&fdd should be well lighted, and the lines of delicate objects 
submitted to examination should be sharp and well defined, 
without coloured fringes when placed in the centre or at the 
circumference of the field. The mirror should be large (at least 
two inches in diameter), one side plane, the other concave, and 
it should be adapted to the body of the microscope in such a 
manner that the distance from the object may be increased or 
diminished, while it is also necessary that it possesses lateral 
movement, in order that very oblique rays of light may be made 
to impinge upon the object. 

With regard to the mechanical portion of the microscope, the 
adjustments should work smoothly, and an object placed in the 
field for examination should not appear to move or vibrate when 
the screws are turned. The body should be provided with a 
joint, so that it may be inclined or placed quite horizontally. 
The stage should be at least three inches in length by two and a 
half in width, and there should be a distance of at least an inch 
and a half from the centre of the opening in the stage over which 
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the slide is placed, to the upright body. The motion of the slide 
upon the stage, and all other movements and adjustments, 
should be smooth and even, without any tendency to a jerking 
or irregular action. 

16. Necessary Apparatus. — Every student's microscope should 
be provided with a neutral tint glass reflector for dirawing and 
measuring objects, a diaphragm, to the under part of which is 
fitted a tube to receive an achromatic condenser, oxpolaridng appa- 
ratus : a bull's-eye condenser, one shallow eye-piece, and two powers 
— a low one, magnifying from 20 io 40 diameters, and a quarter 
of an inch which magnifies at least 180 diameters, a stage micro- 
meter (§62), a Maltwood's finder (§67), and an animalcule cage 
(§133). 

These instruments should be conveniently packed in the case 
with the microscope. The polarizing apparatus and the achro- 
matic condenser are not absolutely necessary for a beginner and 
can be purchased afterwards. The cost of the microscope without 
these last instruments, but including the other apparatus men- 
tioned, in a well-made case, should not be more than six pounds ; 
and if the microscope be mounted upon a cast-iron foot instead 
of a brass one, it may be obtained for about a pound less, with- 
out its practical utility being in any way impaired. 

17. Larg'e Microscopes. — The large expensive microscopes are 
provided with every instrument which modern science has 
placed at the disposal of the observer. For delicate investi- 
gations many of these are invaluable, but for ordinary work thej 
are not necessary, and their expense is so great as to place them 
beyond the reach of the great majority of observers. Verj 
expensive and delicate instruments are required so seldom ir 
ordinary work that most observers will be able to examine anj 
special preparations under the instrument of a friend, wheneve: 
such very minute examination is necessary. The members of th( 
Microscopical Society have the advantage of using under certaii 
regulations most beautiful instruments provided with ver 
high powers. A very complete instrument has been liberall" 
placed at the disposal of the society by Mr. Ross. These micro 
scopes are now arranged ready for work at the rooms used by th. 
Society at King's College from 6 to 8 o'clock on each evening th 
Society meets. 
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Fi^. 15. 



Fig. le. 




fig. 15. Nacliet's biaocular microscope. 

Fig. 16. Binocular niicroacope as recently urrauged by Mr. Weiiliani, and now generally adopted. 

Pig. 17. M. Kacliet's microscope to enable two observers to examine an object at the same time. 

[To i'acepage 12.] 
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yij. 18. Arrimjement of Piofussor Biildell's binodil.ii- mirroscope. 
Yig. 19. ArranVcnient of tlie prisms in Kacliet's binomial- niicroscope. 
Jig. 20. horizontal biiiorular microsrope of Mr. Wenliani. 



[To fiillow Plate VI. 
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Very cheap portable misci'oscope and student's microscope, lately arranged by Mr. HigWey. 8 20. 

[To follow Plate VII.] 
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18. Binocular Uicroscope. — M. Nachet's iustrument and 
Mr. Wenham's perfected binocular is represented in Plate VI, 
and in Plate VII drawings of other binocular microscopes are 
given. Mr. Wenham has succeeded in producing the most perfect 
arrangement of this kind. The first plan he adopted is repre- 
sented in Plate IX, Pig. 21 ; but the new method last suggested by 
him, and now adopted by all microscope makers in this country 
is seen in Plate VI, Fig. 16. 

The binocular is applicable to almost every kind of micro- 
scopical research, but it is not necessary for the working student, 
and where very high powers are required, the appearances are 
not so perfect as could be desired. I cannot recommend those 
who wish to work at microscopical investigation generally, to 
provide themselves with a binocular microscope only. In practice 
it will be found most convenient to work with a very simple 
instrument. The binocular should be a separate microscope 
altogether, or it should be possible to remove the binocular tube 
from the body of the microscope and substitute for it a simple 
tube. Excellent and. cheap binocular microscopes (about 101.) 
are made by Messrs. Crouch, Messrs. Murray and Heath, 
and other makers. (See the list of makers at the end of the 
volume). 

19. Travellingr, Miorosoopes. — Mr. Warinff ton's Arrangement. 
— For travelling, especially for sea-side work, it will be 
convenient to be provided with a microscope which can be 
packed in a smaller compass than the instruments before alluded 
to. 

Mr. Warington, some time since, designed a very simple micro- 
scope for travelling purposes. The stand consists of two flat 
pieces of oak, fitted at right angles to each other by means of 
pegs. The stage is inserted into the longer one, to the top of 
which the body of the microscope is adapted by means of a 
clamp, in which a horizontal bar carrying the body can be 
moved backwards and forwards. This instrument can be 
arranged in an upright or standing position, and by means of the 
clamp the body can be attached to a table, so that living objects 
in upright glasses can be subjected to examination. In its 
present form, however, the instrument is not so steady as could 
be wished, but by a slight modification in its structure it could 
probably be made more so. 
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SO. TravelUng, Disseotmg:, and 'Vivariiim Microscope. — 
Another simple form of travelling microscope is described by me 
in the fourth volume of the Transactions of the Microscopical 
Society (page 13). This instrument is made entirely of tubes, is 
very steady, and can be used in any position ; it is represented 
in various positions in Plates IX and X. It makes an excellent 
microscope for dissecting, and the alteration of focus is eifected 
very rapidly by means of a knee lever, which was kindly made 
for me by Mr. Becker, instead of a screw. 

This microscope takes to pieces and can be packed in a very 
small case. Its, structure is so simple that it cannot easily get 
out of order. The legs of the tripod stand have been made with 
hinged joints by Mr. Matthews, which diminishes the bulk of the 
instrument, when packed up, to a still greater degree. The 
price, however, of this microscope is 51. (although I believe 
it might be well made for considerably less), while that of 
Mr. Warington can be purchased for half that sum. 

Mr. Highley has suggested a very cheap form of travelling 
microscope which is also strong. This is described in the 
Microscopical Journal, Vol. IV, page 278. It is represented in 
Plate VIII. 

81. Clinical, Pocket, Travelling:, and Class microscope. — 
Under this head I propose to describe an instrument devised by 
me some years since which I have found very useful for general 
observation, in the field, and also for medical work, and for class 
demonstration. 

The Microscope.— Vik^ some other instruments which have 
from time to time been proposed, this microscope is composed of 
draw-tubes like a telescope ; but the arrangement of the stage, 
and the plan adopted for moving the slide when different parts 
of the object are submitted to examination, differ entirely, as far 
as I am aware, from those hitherto adopted. The instrument 
consists of three tubes, a, 5, c (Fig. 26, Plate XI); a carries the 
eye-piece, is four and a-half inches long, and slides in h, which is 
of the same length, but only slides up to its centre in the outer 
tube c. Tube h carries the object-glass. The tube c can be fixed 
by aid of a screw ring d, at any height, according to the focal 
length of the object-glass. This arrangement prevents the risk 
of the object-glass being forced through the preparation while 
being focussed. At the lower part of the body is a screw clamp 
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(Pig. 28) for fixing the preparation in any particular position, 
and an aperture for throwing the light on opaque objects. The 
preparation is kept in contact with the flat surface below by a 
spring, which allows the requisite movements to be made with 
the hand (Fig. 30). 

That' part of the object which it is desired to examine can 
easily be placed opposite the object-glass if the instrument is 
inverted. Next, the focus is obtained by a screwing movement 
of the tube b ; and if it be desired to examine any other parts of 
the object, this is easily effected by moving the slide with one 
hand, while the instrument is firmly grasped with the other. 
Delicate focussing is effected by drawing the tube a up and 
down. By this movement the distance between the eye-J)iece 
and object-glass is altered. 

Any object-glass may be used with this instrument. I have 
adapted various powers, from a three-inch, magnifying fifteen 
diameters, to a twelfth, magnifying seven hundred diameters, and 
I feel sure that even highei powers may be used. 

In the examination of transparent objects, ordinary daylight 
or the direct light of a lamp may be used ; or, if more convenient, 
the light may be reflected from a sheet of white paper, or from a 
small mirror inclined at the proper angle, and placed on the 
table. 

In examining objects by reflected light, suflioient illumination 
is obtained from an ordinary wax candle placed at a short 
distance from the aperture, just above the object. But the most 
beautiful effects result from the use of the Lieberkuhn with 
direct light. 

■ The slide, as has been stated, is kept in contact with the 16wer 
part of. the instrument, which I have called the stage, by a 
spring which is therefore made to press on the hack of the slide. 
On the other side of the stage a little screw and clamp are 
placed so that the specimen may be fixed in any position that 
may be desired (Figs. 28 and 29). 

In using this microscope, the slide with the object to be ex- 
amined is placed upon the stage, the thin glass being upwards 
towards the object-glass, while the spring is made to press upon 
the under surface of the slide. The little screw is removed. 
The slide may now be moved in every position, and any 
particular object to be examined can readily be placed exactly 
under the object-glass. Tube a is withdrawn about two-thirds 
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of its length. The tube c being firmly held with the left hand, 
b is grasped with the right, and with a screwing motion the 
object-glass is brought to its proper focus. The specimen having 
been fixed with the. little clamp, and the tube fixed in its position 
by screwing down the ring fitted on tube c, the instrument may 
be passed round a class. This miscroscope seems to be well 
suited for field-work and especially for botanical purposes. It is 
not heavy, and, including the powers and an animalcule cage, 
will easily pack into a tube or case six and a-half inches long 
and two inches in diameter. I constantly use it in clinical 
teaching. Various deposits, specimens of sputum, (fee, may be 
examined by the patient's bedside, and their characters demon- 
strated to the class. I think that a most efficient instrument of 
this kind could be made for 30s., or, with one low power only, 
even for a guinea. 

The instrument is made by Messrs. Powell and Lealand, by 
Mr. Matthews, Mr. Highley, and other makers. 

The Stand. — The arrangement of the stand will be at once 
understood by reference to Pig. 3-5, Plate XII. The structure of 
the lamp is represented in Pig. 33, Plate XL It is an ordinary oil 
lamp with a diaphragm, just level with the wick, in order to 
cause a powerful current of air around the flame. By this 
means all flickering is prevented, and the instrument may be 
moved about without fear of the light being blown out. The 
diaphragm is made of a plate of mica, and the same substance is 
placed over the aperture in the chimney A. The lamp is made to 
sUde in the grooves marked b, g, Pig. 35, Plate XII, and it is fixed 
at the proper distance from the object by the screw. Fig. 33 I. 
When required for reflected light, it is placed in the groove 
marked c. Pig. 35. A good modification of the lamp has latfely 
been made for me by Mr. Highley which possesses some advan- 
tages over the one figured. It is probable that this may still be 
somewhat modified. In the last arrangement the lamp is made 
to slide on a horizontal bar which turns on a pivot, so that the 
position for reflected light is easily secured (Plate XIII, Pig. 40). 
A mirror is employed by daytime, and slides in the same groove, 
or upon the same rod, as the lamp. 

The mirror, achromatic condenser, polariscope, and drawing 
apparatus can all be readily adapted to this instrument, and 
from its simplicity it will probably be found very convenient for 
photographic purposes. The microscope, without powers, can be 
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rig. 26. Pocket or clinical microscope. Half the real size. Fig. 27. Kepresents the an-angement 
by which diaphragm, mirror, and condenser may be adapted to the pocket microscope. 
Fig. 28. Screw \yith an arm, for fixing the specimens, e. Fig. 26. Fig. 29. Undersurfuce 
of the body, or stage of the pocket microscope. Fig. 30. Tlie stage, side view, stiowing 
position of the spi-ing. Fig. 31. Mirror employed for examining objects by transmitted 
light. Fig. 32. Sectional view of cell for examining deposits in fluid, infusoria, &c. Fig. 33. 
Lamp, sectiODal view, for illuminating objects examined by tliis microscope, with screw, 
I, to fix it. See Fig. 35. Fig. Z\. Mirror, with screw to (it into slide, Fig. 35. 
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Fie 35 Microscope for class aemonstratioii. Fig. 36. Octagonal hm, with eight microscopes, 
Uluminated by one temp in the centre. Kg. 37. Section of 36, showing relative positions of 
microscopes and lamp, mode of fixing, &c. I'ig. 38. Another arrangement for mounting 
four of the simple microscopes. Section, a, lamp, 6, mirror for daylight. Jig. 39. i'ront 
view of the same. [To follow Plate XL] 
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Fig. 40. Clinical microscope arranged for class demonstration, with stand. 

Fig. 41. Mr. Ilighley's best microsccipe. 

Fig. 43. Mr. Hieliley'g student's microscope, witli two powers. Four and five guineas. 

FiLT. 4'i. O.iiekett's dissecting microscope with apparntns. 

TTo follow PlKleXU.l 
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purchased for twenty-five shillings, and with the stand it will 
probably cost not more than three pounds. 

In using the instrument, the object is first adjusted at an 
ordinary lamp, and when in focus, the microscope is placed in the 
stand and firmly fixed in its place by the clamps. The lamp is 
then brought to its proper position, and the whole may be passed 
round. In about two minutes the specimen may be changed 
and another placed in its stead. 

By this plan I have been able to show twelve preparations 
magnified from 1.5 to 500 diameters, to a class of upwards of a 
hundred during an hour's lecture. The condenser, mirror, dia- 
phragm, may also be made to slide upon a rod fixed to the lower 
part of the stage as shown in Fig. 27, Plate X. 

I have had an arrangement adapted to this microscope which 
enables me to use it for demonstrating structures with still 
higher powers. In the instruments used at my lectures given in 
1861 at the College of Physicians, I was able to use successfully 
all powers up to the twelfth (700 diameters), and I feel quite 
satisfied that the plan will succeed equally with the highest 
powers which have ever been made. An instrument is now being 
made to take the 55, the highest power yet made. 

These hand microscopes can also be readily arranged in a line 
(Plate XII, Figs. 38, 39), or in a six or eight-sided frame (Figs. 
36, 37), in the centre of which the light to illuminate all the 
objects at once may be placed. 

One advantage of this arrangement for demonstrating to a 
class is that while every one can alter the focus to suit his vision 
the preparation and light are quite out of reach. 

22. Disseoting BEiorosoope. ■ — The best form of dissecting 
microscope is that devised some years ago by the late Professor 
Quekett. Figs. 44, 45, 46, Plate XIV, show the instrument 
folded up, with an India-rubber band round it, in a manner 
which admits of its being carried in the pocket. Fig. 45 shows 
the internal arrangement and the manner in which the mirror, 
lenses, and lens-holders are packed away. The straight flat bar 
on the left serves to keep the legs from closing together (see 
Fig. .44), and also as a support for the mirror which slides into 
a piece of brass tubing attached to the flat bar. The instrument 
is furnished with three lenses, and is to be purchased at a 
moderate price. 
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PEOF. aUEKKTT's DISSECTING MICEOSCOIE. 

VS: tt ^a^^^°!^'i^^^.ent piece, of apparatus. 
}'1|: 46. The instJument foldea up for travelling. 
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CHAPTEE II. 

Emmmation hy Beflected Light, Transmitted Liglt, and 
Polarized LigM. Eeelbcted Light. — Different Methods 
employed — Bull's-eye Condenser — Metallic Side Beflector 
— lAeherkuhn's— Da/rk-ground Illumination — Paralolic 
Illuminator — Anrmlar Condenser. — Teafsmittbd Light. 
— Diaphragm — Achromatic Condenser — Oilleifs Con- 
denser. PoLAEiZED Light. — Polarizer — Analyzer — 
Iceland Spar — Tourmaline — lodo-quinine or Herapathite. 
IiLTTMiiTATioN BT Aetifioiai, Light. — Lamps — Cam- 
phine Lamp — Oil Lamps — Argand Lamp — French Mode- 
rator Lamps — &as Lamps — Of the Importance of Pro- 
tecting the Eyes from the Diffused Light of Lamps. On 
Deawdtg Mioeoscopical Specimens. — Camera Lucida 
Steel Disc — Neutral Tint Glass Beflectm — Arranging the 
lAght — Of malcing Drawings which it is intended should 
he Ungraved — Tracing Paper — Betransfer Paper — Wood 
Blocks — Of obtaining Lithographs of Microscopical Draw- 
ings — Drawing on Transfer Paper — Drawing on the Stone 
— Of Mngraving on Stone — Transfer Paper — Lithographic 
Ink — Lithographic Stones — On the Importance of Ob- 
servers Delineating their own Work. On Measfeing 
Objects. — Cobweb Micrometer — Test Objects — Yobert's 
lAnes — Jackson's Mye-piece Micrometer — Stage Micro- 
meter — Simple Directions for Measuring Objects — On 
ascertaining the Magnifying Power of Object-glasses — To 
ascertain the Diameter of an Object — Standards of Mea- 
sure'ment — Conversionof Foreign Standards of Measurement 
— On Finders — On Measwring the Angles of Crystals : 
Goniometers. 

Rbfieotbd Liqht, Tbansmitted Light, and Polarized Light. 

Pbom the most cursory examination of objects we learn that 
their internal structure diflFers materially in character from the 
external surface, and if the internal arrangement, as well as the 
external surface of an object, be examined by the microscope, the 

c 2 
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observer will form an idea of its nature very different to that 
which he would have arrived at if he had regarded one set of 
characters only. Again, by employing polarized light we may 
often make out points in the structure of an object which cannot 
be perceived when it is examined by ordinary light. 

I must therefore direct attention to the three following 
methods of directing the light upon objects submitted to micro- 
scopical examination. 

1. Reflected Light, in which the light is thrown down upon the 
object, and the peculiarities of its surface alone observed, as in 
looking at different objects under ordinary circumstances. 

2. Transmitted lAght. The second mode of examination is by 
the aid of transmitted light, by which any inequalities in the 
internal structure of an object are demonstrated. 

3. Polarized Light. By means of which the internal structure 
of various transparent objects may be rendered evident, in a 
manner in which they cannot be demonstrated by ordinary illu- 
mination. 

Refliected light may be employed for the examination both of 
transparent and opaque objects, but transmitted light is only 
adapted for the examination of transparent structures. Every 
object to be examined by transmitted light should be very thin, 
or must be rendered transparent by some special method of pre- 
paration. To view an object by reflected light, the light must bo 
thrown down upon it from above, by employing either the direct 
rays from a luminous body, or by the aid of a reflector ; but in 
order to see the internal structure of a transparent object by 
transmitted light, the light must be so placed that the rays can 
pass directly through it, or they must be reflected upon its lower 
surface from a mirror placed beneath it, and arranged at the 
proper angle. 

23. Reflected Light. — The light employed may be ordinary 
daylight, sunlight, or the light of a candle, or good lamp. The 
most important modes of illuminating objects for examination by 
reflected light are the following : — 

34. DayligM. — 1. By ordinary diffused daylight, sunlight, or 
lamplight ; but diffused light will usually be found insufficient for 
good illumination. 
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S5 Bull's-eye Condenser" — 2. By condensing the light upon 
the object by means of a large simple plano-convex lens, or bulVs- 
eye condenser (Figs. 49, 50, Plate XVI), or when very high powers 
are required, by a combination of two lenses, conveniently 
arranged. The ordinary arrangement for examining objects by 
reflected light is represented in Plate XV, Fig. 47. 

36. Uletallio Kefleotor. — 3. By causing the light to be brought 
to a focus upon the object by means of a small concave metallic 
reflector fitted upon one side of the instrument. 

27. Lieburktihn. — 4. By causing the rays of light reflected 
from the mirror and passing round the circumference of the object 
to impinge upon a concave annular reflector or Lieberlcuhn adapted 
to the object-glasSj from which the rays are reflected downwards, 
and brought to a focus upon the surface of the object itself 
(Plate XVII, Fig. 56). The light is prevented from passing 
directly through the object by a small metal stop, e, or even by a 
piece of black paper placed immediately beneath it, and corre- 
sponding to the aperture of the object-glass. This arrangement 
will be readily understood by referring to the figure. 

The_/?r«< mode of illumination seldom afibrds sufficient light to 
show the character of the surface satisfactorily. The second and 
third plans are those usually adopted, and are the most conve- 
nient as well as the most efficient modes of illuminating the 
surface of objects. The/oM»'<A method is now seldom resorted to, 
and is only applicable in cases where the object is small enough 
to permit the passage of a sufficient quantity of light around it. 
If a transparent object is to be examined by reflected light, a 
piece of black paper, rather larger than the aperture of the object- 
glass, should be placed behind it to prevent the passage of light 
through it, or one of the stops supplied with some instruments 
may be inserted in its place beneath the stage. The stops, how- 
ever, are not furnished with many of the modern microscopes, as 
the second and third modes of illumination, and those next to be 
described, afford the most satisfactory results. 

S8. Dark-gTOTind lUtunination. — In this place I must allude 
cursorily to a mode of illumination which has been much in 
repute of late years, and which is very advantageous for demon- 
strating some structures. I refer to da/rh-ground illimdnation, in 
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which the object appears in relief upon a black ground. This 
mode of illumination is particularly applicable to investigations 
upon some very minute organisms, such as the diatomacese. The 
appearance produced is very different to that obtained by merely 
throwing the light upon the surface of the object, and many points 
may be learned with reference to the nature of the markings upon 
a specimen which could not be ascertained by the ordinary 
methods of directing the light upon it. In this mode of illumina- 
tion the direct rays are prevented from penetrating the specimen, 
and passing through the object-glass, but the preparation is 
highly illuminated upon all sides by light made to impinge upon 
it in a very oblique direction. Thus the object is thoroughly 
illuminated at all points, but the ground on which it lies, 
appears perfectly dark. There are several methods by which 
this result may be obtained. One very simple little instrument 
is termed a spot-glass* and consists of a plano-convex lens, the 
convexity being so great that rays of light passing through it 
would be made to converge with a great degree of obliquity, and 
would be brought to a focus at a short distance above the flat 
surface of the lens. In the centre of the flat surface is placed a 
small circular piece of black paper in order to prevent the pas^ 
sage of any direct rays of light. The lens is fixed in a brass tube 
Ciade to slide up and down, so that it may be adjusted at the 
proper distance below the object. 

29. The Parabolic Keflector of Mr. Wenham, Mr. Shadbolt's 
annular condenser, and the ^araJoZic illuminator of Messrs. Smith 
and Beck are beautiful instruments for efiecting the same 
purpose in a more efficient manner (set Plate XVII, Fig. 58). 
Another excellent plan has lately been devised by Mr. Wenham, 
the simplicity of which recommends it strongly to our attention. 
A small triangular prism is placed beneath the object, so that one 
of its plane surfaces is in contact with the under surface of the 
slide carrying the object. The light is refracted so highly that 
none passes directly through the object, but, bejng thrown at 
the proper angle upon the under surface of the thin glass which 
covers it, is entirely reflected from thence upon the object itself, 
which is thus highly illuminated. 

The Rev. J. B. Reade has contrived a very useful hemispherical 

• The spot-gli^BB may be obtained of the 'different microscope makers 
for about 7s. 6d 
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Fig. 49, 



Fig. 60. 




Tig. 49. Bull's eye condenser, for student's microscope. 

Kg. 60. Bull's eye condenser, on upright stand. 

Kg. 61. Neutral tint glass reflector, for drawins. 

Kg. 63. Steel disk. ^ 

Kg. 63. "Polarizer," placed beneath the object. 

.Kg. 64. " Analyzer," placed jjbove the object. 

Kg. 65. Lump (Messrs. Smith & Beck), for camphine or belmontme. 
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condenser for examining objects exhibiting very delicate lines by 
oblique light {see Trans. Mic. Society, 1861, p. 59). 

In employing the spot-glass or parabolic illuminator the light 
should be reflected from the plane mirror. 

30. Transmitted Light. — In discussing the mode of illumina- 
ting objects by transmitted light, I must briefly draw attention to 
two or three beautiful instruments for condensing the light upon 
the object. The microscope, in Plate XV, Fig. 48, is arranged in 
the ordinary position for examining transparent objects. The 
light may be received upon the plane or concave mirror, accor- 
ding as a moderate or briUiant light is required; but, as a general 
rule, the intensity of light should not be greater than necessary 
to make out distinctly the structure of the object. Direct sunlight 
is not to be employed, and a very strong light of any kind is 
hurtful to the eyes. The best light during the day is to be 
obtained from a white cloud upon which the sun is shining. 

31. Siapbragm. — Beneath the stage in most microscopes is 
placed a plate with holes in it of different sizes. This is the 
diaphragm, and is employed for cutting off the most oblique rays 
and superfluous light. Every microscope should be provided with 
a .diaphragm, fitted on about an inch beneath the stage, and 
arranged on a pivot, so that any of the holes may be brought 
under the object (Fig. 9, Plate II, §12). The definition of the 
structure of a transparent object is often found to be very much 
clearer when only the more direct and central rays of light from 
the concave mirror are allowed to pass through it. 

83. Achromatic Condenser. — The illumination of some objects 
examined with high powers is much improved by causing the light 
to pass through an achromatic condenser which consists of an 
ordinary achromatic objective of half or a quarter of an inch 
focus, arranged in a sliding tube immediately beneath the stage. 
One of these instruments can be fitted to the student's microscope. 
Mr. Quekett has adapted a simple lever handle by means of which 
the right focus is readily 6btained (Plate XVII, Fig. 59). 
The instrument is not an expensive one if it be made of a French 
combination. Practically, however, I have obtained very good 
illumination for the examination of tissues without using an 
achromatic condenser. Indeed, I have found in many cases that 
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1 could see more clearly without it than with it. A Kelner's 
eye-piece, however, as already stated, makes a most valuable 
achromatic condenser, and is of the most material assistance in 
using very high powers. The lenses used for condensers are 
usually much too small and the power too high. 

33. Gillett's Condenser. — Mr. Gillett has adapted a diaphragm 
plate and stops to the achromatic condenser, and there is a 
beautiful instrument of this kind made by Mr. Ross. Messrs. 
Powell and Lealand have, however, improved upon it, and brought 
out a much smaller and more compact condenser, which is 
attached to their microscope. 

34. Polarized Light.' — In examining an object by polarized 
light it is necessary to have one crystal beneath the object, 
termed the polarizer (Plate XVI, Fig. 63), and fitted under the 
stage, and another one above the stage, inserted into the tube 
above the object-glass, or adapted to the eye-piece — this is termed 
the analyeer (Fig. 54). 

35. Iceland Spar. — Various crystalline substances are employed 
for polarizing the light. Two crystals of Iceland spar are usually 
preferred. These are divided obliquely, and connected together 
again with Canada balsam so that one of the two images formed 
by this double refracting crystal is removed from the field of view 
(Plate XX, Fig. 69). Towmaline crystals have also been used, 
but their colour is a disadvantage. 

36. lodo-QLuinine. — By the kindness of Dr. Herapath I h»ve 
received two beautiful crystals oi the lodo-qmnine, or Berapathite,. 
prepared by him for polarizing the light. These are mounted 
between two pieces of thin glass, and they effect the object for 
which they are intended perfectly well. 

37. Objects Examined. — It is most instructive for the observer 
to subject specimens of the same object to examination in four 
different ways. He will not fail to notice- the very different 
appearance presented by the object. 1. The surface of the object 
may be examined by reflected light brought to a focus upon it by 
means pf a bull's-eye condenser. 2. The light may be reflected 
upon it from a Lielerhuhn. 3. The light may be transmitted- 
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;§ 41, 44, 45, 63. 

rig. 56. To illustrate tlie mode of examining an object by reflected liglit with tlie Lieberluhn. 
The light rf iiected from tiie mirror, tt, passes througli the glass slide, 6, around the object, 
and impinges on the concave annular mirror, d, by which the rays are brought to a focus 
and condensed upon the object placed at c. Fig. 57. Achromatic condenser mounted with 
a lever handle, iig. 68. Parabolic illuminator, showina course of a ray of light, m. m, /, 
when an uncovered object, p, is placed in focus. Fig. 59. Position of microscope for drawing 
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through the object after it has been reflected from the surface of 
the mirror. And, 4. The object may be placed under tlie influ- 
ence of polarized light. 

Now the very different appearances observed should be care- 
fully noted, and after each examination the student should 
endeavour to form a notion of the probable nature of the 
substance, and the precise arrangement of the elementary parts 
of which it is made up. Lastly, the conclusion arrived at with 
reference to the nature of the structure after having been 
submitted to the-se four modes of examination should be con- 
trasted with the idea which would have been formed of it if 
an observation had been made by one mode of illumination only. 

38. Artificial Illummation. — It may be said with truth that 
microscopical work should, if possible, be undertaken only by day- 
light, since the most perfect artificial light which can be obtained 
is far inferior for delicate observation, while it strains the eyes 
very much more; StiU many of us are compelled by necessity to 
work principally by night, and it is therefore a matter of the 
greatest importance to be provided with the best kind of 
artificial illumination. , 

39. Lamps. — From time to' time various microscope lamps 
have been proposed. The small 'camphine lamp of Messrs. Smith 
and Beck represented in Plate XVI, Fig. 55, is one of the most 
perfect smaU lamps which I have seen. It gives a beautiful white 
light, and produces very little heat. Of oil lamps there are several 
which serve for microscopical examination. The German Argand 
lamp, lately imported into this country %y Mr. Pillisoher, is a 
good microscope lamp, and so also is the French moderator, 
especially if provided with a blue or neutral tint glass, and a 
shade. The common paraflin lamps give a most excellent light 
for the microscope, but Belmontine afibrds still better and whiter 
illumination. A cheap and at the same time very efficient 
microscope lamp is still a desideratum. 

40. Gas Lamps.— For those provided with gas I recommend 
very strongly the gas lamp of Mr. Highley, which is provided with 
a flat brass plate and a water bath, instruments of great use in 
microscopical investigation. The light is made to pass through an 
opening in a diaphragm, so that the eyes are quite protected from 
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the diffused light. A very pleasant light is produced by causing 
the rays to be transmitted through a blue chimney glass and a flat 
piece of neutral tint glass. The only objection to this lamp is its 
great heating power. One of these lamps is represented in Plate 
XVIII, Fig. 66. 

In all cases the eye should be carefully protected from the 
dazzling light when not employed in looking through the instru- 
ment. The eye not observing should always be kept open, but 
should be protected from the direct glare of the microscope lamp. 
For this purpose a shade made of black paper may be fitted to the 
body of the instrument at a convenient distance below the eye- 
piece. In all cases the light should be perfectly steady, and so 
situated that it may be conveniently reflected upon the object by 
the mirror. 



Of Dbawino, Engbavino, and Measubing Objects. 

41. Of Drawing Objects. — It may almost be said that all real 
advance in our knowledge of the minute structure of both animal 
and vegetable tissues, depends upon the drawings which are made. 
It is almost hopeless for an observer to attempt to describe what 
he sees in words, and such descriptions, however careful they may 
be, cannot possibly be compared with those of others. On the 
other hand, a truthful drawing of what a man has seen lately 
may be compared with others which may be made a hundred 
years hence, although the means of observation will be far more 
perfect then than they are at present. Much may be learned by 
such comparisons. I am sure that an honest inquirer cannot be of • 
greater use in his time than by making good drawings of what 
he has seen ; — they will be of far greater help to our successors 
than any amount of description we can write for them, and we 
may feel sure they will look at our drawings if they are honest 
Copies of nature, while we all know that comparatively very little 
of what we write will be read when the whole aspect of this 
department of science shall be changed, as it wiU be. 

In delineating an object magnified by the microscope it is 
important to copy it correctly, both as regards the relative posi- 
tion of the several structures to each other, and also with respect 
to size. To copy the size exactly will be found extremely difficult 
by the eye alone, but there are several ways of proceeding by 
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wMch accuracy may be ensured. Some of these I shall now 
briefly describe, ^e simplest method is to place the paper upon 
the same level as the stage upon which the object is situated. 
If we now look steadily at the object with one eye, while the 
other is employed to govern the movements of the pencil, the 
object will appear to be thrown, as it were, upon the paper, and its 
outline may be very readily traced. By a little practice the 
relative size of objects may be insured in this manner, but it is 
troublesome and difficult to keep both the object and paper per- 
fectly stiU. 

48. Camera Iiucida. — The principle of the camera lucida has 
been applied to taking microscopical drawings, and has been 
found to succeed admirably. The object appears to be thrown 
down upon the paper, and with a little practice the observer may 
trace the lines with great accuracy. 

43. Steel Disk.— If a little steel disk be placed at an angle of 
45° with the eye-glass, it will receive the magnified image of the 
object and reflect it upwards upon the retina of the observer. 
The disk is smaller than the aperture of the pupil, and the pencil 
can at the same time be seen very weU as it traces the image 
apparently thrown down upon the paper beneath. The steel disk 
is represented in Plate XVI, Pig. 52. 

44. Neutral Tint Glass Keflector. — The simplest and cheapest 
reflector for microscopical drawing, consists of a small piece of 
plate-glass slightly coloured, in order to improve its refl«cting 
power, but still not so dark as to prevent an object being seen 
through it perfectly. This is also arranged at an angle of 45° 
with the eye-glass, and the draughtsman can very easily follow 
his pencU upon the paper. This instrument is represented in 
Plate XVI, Pig. 51. 

In order to use these instruments, the microscope is arranged 
horizontally, and the paper placed on the table, as shown in 
Plate XVII, Pig. 59. 

45. Arranging Light. — It is important, however, in using these 
instruments, to arrange the light carefully. The image should 
not be illuminated too intensely, and the paper upon which the 
drawing is made should not be too muph in the shade, or the 
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point of the pencil will not be seen distinctly. Experiment can 
alone decide the relative intensity of the light upon the object 
and upon the paper, but with a little practice the proper amount 
of illumination will be discovered. The distance betweeii the 
reflector and the paper should be precisely the same as from the 
object to the eye-piece, for otherwise the size of the object 
delineated will be altered. 

The object appears to be thrown upon the paper, and its outline 
is very readily traced. If it is to be drawn smaller, it is only 
necessary to place the paper upon a stand closer to the reflector. 
If, on the other hand, a large diagram is required, the distance 
must be increased. By placing the diagram paper upon the floor, 
the object can be readily traced with a long pencil. In this 
manner many of my diagrams have been made. They must of 
course be accurate copies of the objects themselves, and are 
therefore far more truthful than diagrams copied from drawings 
representing microscopical structure, can be. If the distance of 
the diagram paper be always the same, the drawings so obtained 
may be compared with each other, and scales of measurement 
may be appended to them by proceeding in the manner described 
in 

46. Of makingr Brawingrs 'nrhich it is intended should be 
Engraved. — With a little practice, the observer may acquire the 
power of drawing on wood, and the engraver will often be able to 
produce a more faithful representation of the object than he 
could by copying the drawings of the microscopical observer. It 
is, however, necessary to practise the plan of producing varieties 
of tints, by straight lines, whenever this can be 'done, aSfithe 
labour of engraving is thus much economised. The drawing 
should first be made roughly on paper, in order to obtain the size 
and general characters of the object. A piece of retransfer paper 
is then placed upon the prepared block, and the prominent lines 
of the drawing retraced with some blunt-pointed instrument (a 
needle, the point of which has been made blunt by filing it, 
answers very well). By using a slight pressure, the colour of the 
retransfer paper is transferred to the wood block in the lines 
corresponding to those of the drawing. These lines are after- 
wards reproduced by lead pencil, corrected, if necessary, and the 
delicate parts of the drawing filled in by carefully copying from 
the object. 
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If the engraving is to be a fao-simUe of the drawing with the 
different parts on corresponding sides, it is necessary, in the first 
place, to copy the picture with ordinary tracing paper, and invert 
the tracing upon the retransfer paper on the wood block, as the 
impressions are of course always reversed ; or a reverse may be 
obtained by copying the image of the drawing reflected from a 
looking-glass. Beautiful specimens of wood engraving are seen 
in some of the plates in Chapters V, VI and X. 

47. Traoingr Paper is a very transparent paper, obtained by 
soaking tissue paper in some oily material, and allowing it to dry. 

48. Retracing' Paper consists of tracing paper, upon one side 
of which a fine red or black powder has been rubbed, which 
adheres to the paper pretty firmly, but which, at the same time, 
may be made to adhere to another surface by firm pressure. 

49. "Wood Blocks are prqiared by rubbing a little dry car- 
bonate of lead and brick dust moistened with water upon the- 
surface, and allowing a very little to dry on. In this way a 
smooth white surface is obtained, admirably adapted for receiving 
the most delicate drawing. It is well to moisten the white lead 
with a little very weak gum water, which makes it adhere firmly 
to the surface and gives a very smooth face. Wood blocks may 
be obtained of Williamson and Son, Picket-place, Strand. Every 
observer should draw on the wood block himself. 

50. Of obtainingr Lithographs of Btiorosoopioal Drawings. — 
I think it desirable to give a few directions for drawing on stone, 
as I believe there are many observers who would wUlingly give 
up the necessary time required to place their work on the stone, 
who could not afford to employ a lithographic artist. I made 
many drawings in this manner some years ago, and with the 
help of a boy, who could at first draw but little, have been able to 
publish numerous drawings, which are very accurate copies 
of the objects, although in execution will not bear -comparison 
with artists' work.* 

51. Drawing on Transfer Paper. — If the drawing does not 
contain much very minute work, it may be drawn on properly 

* See the earlier numberB of my ' Archives.' 
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prepared transfer paper with lead pencil, direct from the 
microscope. Afterwards, the lines are to be traced with a pen 
with lithographic ink ; the shading may be effected by delicate 
lines made with the pen, or with lithographic chalk. The latter 
plan, however, is not well adapted for making transfer drawings. 
The drawing is then to be sent to the lithographic printer, where 
it is damped, placed downwards on a dry stone, and after being 
subjected to firm pressure, the' paper may be peeled off, leaving 
the preparation, with the drawing, on the stone. The latter is 
removed with water, the drawing properly set, and then the 
printing ink applied with the roller. 

53. Transfer Paper is prepared for the purpose. That which 
was made of India paper, I found answered exceedingly well.* 

53. Drawing on the Stone. — There are two plans for drawing 
on the stone itself, which produce better results than the pre- 
ceding method, but they require more practice for their perform- 
ance, When much shading is required, and extreme delicacy of 
outline is unnecessary, the outline is first made on paper, and the 
drawing retraced on the stone Lti the manner designated in § 46 ; 
the outline may then be traced with ink, a pen, or very fine sable 
hair brush, being used for the purpose ; the shading is to be given 
with the lithographic chalk. The chalk is to be very finely pointed 
by cutting downwards, the point being uppermost (as in pointing 
an ordinary chalk crayon), and held in a handle made out of & 
common quiU. The lines are to be made very gently, repeating 
the strokes frequently with a light hand, when depth of colour is 
required, rather than by leaning heavily so as to remove a cc<li- 
siderable quantity of chalk at once, and deposit it upon the 
stone. When chalk shading is employed, a finely grained stone is 
required. 

54. Of Engraving on Stone. — If the work is very delicate, as 
is the case with most subjects the microscopical observer wishes 
to obtain representations of, engraving on stone will give the 
most satisfactory results. The process is very simple, but requires 
considerable practice in executing it. The stone must be finely 
polished, and it is well to have it tinted with a little infusion of 

• To be oMained of Messrs. Harrison and Sons, St. Martin's Lane. 
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logwood, or to cover it with a thin layer of lamp black, which 
enables the draughtsman to see his strokes better. The outline 
of the drawing is traced as before, and then the liaes scratched 
upon the stone with a very fine point, A needle point, 
previously hardened by being Lheated red hot and suddenly 
dipped in cold water, inserted into a strong handle, may be 
used. I generally use an etching needle ; the point requires 
to be sharpened from time to time upon a hone. But a 
properly made diamond point is far better The dark parts 
are shaded by lines placed very close together, or cross shading 
may be adopted, or the tint may be given by dots, as in copper- 
plate engravings. Generally it is better to try to obtain the 
appearance of texture by copying, as nearly as possible, the 
character of the tints of the object itself. The thickness of 
the line in the print will depend upon the width of the line, 
without reference to the depth to which it extends into the 
stone. It is desirable to make two or three narrow lines near to 
each other, instead of one wide one, when a thick line is 
required. After all the lines have been scratched, the stone is 
sent to the lithographic printer, who will obtain impressions' from 
it. The oily material only adheres to the rough scratches, and 
subsequently when the stone is wetted, the ink only attaches 
itself to the oily parts. 

55. Lithographic Ink. — The ink may be obtained in the fluid 
state, but it is better to use the solid ink, a little of which is 
rubbed up with water when required.* 

Lithographic chalk may be obtained of different degrees of 
hardness, — it can always be made much harder by melting it and 
rolling it into sticks. 

56. Lithographic Stones.— The stones are sold by the pound. 
It is desirable to obtain stones large enough to hold four octavo 
pages of drawings, as the expense of working a stone of this size 
is little more than that only large enough to contain one. 

* The apparatus, ink, ohalk, &o., alluded to, can be obtained of Messrs. 
"Waterlow, Messrs. Hughes and Kimber, Eed Lion Court, Fleet Street, 
and most lithographers. It is only ' due to Messrs. Harrison, of St. 
Martin's Lane, that I should thank them for the kindness they have 
always displayed in assisting me in carrying out this and many other 
plans of producing drawings. Without the important help they and their 
workmen have afforded me on all occasions, my efforts would probably 
have failed, as I had no knowledge of practical lithography. 
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57. On the importance of observers delineatingr their own 
work.— It will, I know, be said that these processes take much 
time, and after all are of a nature which an intelligent draughts- 
man can perform, and hardly worth the labour which a 
microsopioal observer, who wishes to carry them out, must be 
content to bestow. Objections of other kinds may be urged, but 
I cannot but feel that if I had been prevented from having the 
drawings made at home, not one of the pages illustrating many 
of my works would have been published. I remember how 
much I needed at one time the little information given here — 
and I therefore gladly communicate it, imperfect as it is, in case 
there may be others in the same situation as myself. Now, 
I believe that it is quite as impossible to obtain a good repre- 
sentation of any microscopic object without long and careful 
study, as it is to produce a copy of any other object in nature ; 
and surely it is hard to expect a draughtsman, who is engaged in 
copying various subjects, to spend hours in looking at specimens 
in a microscope, observing things which he neither knows nor 
perhaps desires to know anything about. Neither is it possible 
that any one man can make himself fully conversant with all the 
beautiful minutiae in every branch of microscopic inquiry. It is 
true that Mr. Tufien West, and one or two other gentlemen, have 
taken up this kind of drawing and engraving, and have produced 
most beautiful results. I believe Mr. West's success as an 
engraver of microscopic objects to be due to the interest he takes 
in the subject, and to his being himself a practical micrpscopical 
observer. 

There are many drawings of microscopic objects which ought 
to be published, and although these may be of little interest to 
persons generally, are absolutely required by those who ari 
working at special subjects. Now, however rich a man may be, 
it is doubtful if a large sum of money should be spent in 
employing artists to do work which, however well skilled, 
they- cannot do so truthfully as the observer himself, unless 
they had devoted the same attention to the subject. Few have 
time or inclination to do this. There is not the same question 
about our own time. Whatever is worth doing at all, and is 
worth recording, is worth an expenditure of time, is worth doing 
well— though it may involve some sacrifice on our part. 
Whatever is observed is worth copying, provided it has not been 
correctly copied before. It would, I think, be quite possible for 
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many to learn the process of drawing on stone, and thus engrave 
many drawings of great use which would not otherwise be pub- 
lished. 

Very much yet remains to be done in representing mioro- 
Bcopic texture faithfully. Photography has done much, and will, 
doubtless, assist more, but there are many structures the colour 
of which alone renders it quite impossible to obtain photographs 
of them. It can only be by patient study, that any one can hope 
to be able to copy accurately by hand the beautiful and deUoate 
lines and tints in many microscopic objects, but it is so important 
that this should be done well, that I cannot too strongly urge on 
all those who wish to work at the microscope, earnestly to 
practise drawing as much as possible. 

All advance in our knowledge of structure, as well as of the 
minute changes incessantly going on in living organisms, depends 
I think, in great measure, upon accurate copies of the objects 
being made, for in this way alone can the work of the present 
generation be useful to that which succeeds it. 

It is beyond the power of language to describe the characters 
of many structures in such a way that their appearance could be 
reproduced in the mind of another, and even if this could be 
done, so wonderfully delicate and minute are the observed 
differences in many cases, that any attempt to classify and 
arrange our observations seems at present hopeless, and becomes 
more hopeless in proportion as observations multiply ; while the 
different meaning which different persons attach to words and 
phrases, introduces another difficulty in our attempt to collate 
and deduce inferences from the observations which have been 
made. 

Take for instance morbid structures. Although we possess 
observations without end, we are not yet able to group them 
under general heads, nor are we acquainted with their mode of 
origin, or conversant with the changes which take place in their 
anatomical elements at different periods of their growth. Much 
difficulty has arisen from the attempts to assign definite names 
to various growths, while the precise characters included under 
any particular term have never been properly defined — and it is 
doubtful if this can be done except by a nomenclature, the 
complex nature of which would be fatal to its introduction. 
Now surely our knowledge on these and other subjects would 
have been much more extensive and more accurate, if instead of 

D 
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long descriptions we had been furnished with sketches of the 
morbid growth, its dimensions and weight, the length of time it 
had been growing, and a few general points in the history of the 
case, with accurate drawings of the minute structure of the 
tumour. It is true that all persons cannot draw well, but a very 
little patience will enable any one to copy a microscopical 
specimen, and an accurate copy, although it be very badly 
executed, has an aspect of truth which is unmistakeable, while a 
drawing which is the offspring of the imagination instead of a 
simple copy of nature, bears the mark of untruth in every line, 
however elaborate and unexceptionable its execution may be. 
Errors of observation are, I believe, much more easily detected in a 
drawing than in verbal description. A mistake or misinter- 
pretation expressed in a drawing can, and at length must be, 
corrected by subsequent observation, while ill-observed or mis- 
interpreted facts, cloaked in obscure language, may be pro- 
pagated for years, and no matter how false they are, it may be 
very difficult to refute them. I would, therefore, urge upon 
every one the importance of making drawings at whatever cost of 
time and labour; it is worth any sacrifice to do really good 
work, and if every observer could but record a few accurate 
observations during his life, the united labour would indeed be 
productive of great results. 

I would also strongly urge upon observers the importance 
of at once agreeing upon some general plan of delineating 
objects, so that our observations may be useful to all, while the 
task of those who will hereafter have to arrange and deduce 
conclusions from our work will be much facilitated. The value 
of many beautiful drawings would be greatly increased if a sj^le 
of lOOths or lOOOths of an inch was appended to them, and the 
magnifying power of the object glass stated. This would not 
have added five minutes to the time required for the task, while 
it would have rendered the drawings comparable with others. 
In some, the magnifying power is not even mentioned, and in 
others there is reason to believe it is wrongly stated. 

Every one who copies an object should state the magnifying 
power of the combination of lenses he employed, and should 
append a scale magnified by the same combination (See §62). 

Let it not be supposed that I am insensible to my own short- 
comings in these and many other matters. I am conscious that 
every drawing I have published might have been, and ought to 
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have been— better,— and I can only hope that the desire for 
seeing our work useful to each other and to our successors, as 
well as to ourselves, will be received as a sufficient apology for 
these remarks. 



On MBASURiira Objeohs. 

Most of the larger and complete microscopes are furnished with 
micrometers adapted to the instrument, but it appears to me 
that the simple method of measuring objects, presently to be 
described, to a great extent supersedes the necessity of those 
more expensive arrangements. It will be well for me, perhaps, 
in the first place, to describe briefly the different forms of 
micrometers in use. 

58. The Cob-web Micrometer, originally applied to telescopes 
by Ramsden, its inventor, is a beautiful instrument, which can be 
fitted to the upper part of the body of the microscope. A fixed 
cobweb crosses the field of view, and parallel to this is another 
cobweb thread capable of being brought near to, or separated 
from the first, by turning a milled head, to which is attached a 
graduated circle. The value of each degree on the circle is 
ascertained by placing an object of known dimensions, as the 
stage micrometer graduated to thousandths under the object-glass, 
and ascertaining the number of degrees on the screw which 
correspond to the 1-lOOOth of an inch. Prom these data a simple 
table maybe constructed, and the diameter of any object can be 
readily ascertained by bringing one side of it up to the fixed line, 
and causing the moveable line to touch the opposite. If we 
ascertain the value of the degrees as marked upon the circle when 
the lines are separated at the proper distance, we may estimate 
directly the diameter of the object. The older observers used to 
measure objects by means of very delicate wires, separated from 
each other by certain known distances placed in the focus of the 
eye-piece, or by employing points, one of which could be moved 
from or towards the other by means of a screw. 

59. Jackson's Eye-piece microm.eters. — Mr. Jackson arranged 
a micrometer slide in the eye-piece so that it could be brought 
over the magnified image of the object by means of a screw. 

,D 2 
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60. Stagre Micrometers.— Within the last few years, lines, 
separated from each other by certain known but very minute 
intervals, have been ruled upon slips of glass by means of a 
diamond attached to a beautiful instrument, provided with a most 
delicate arrangement for moving it the re(luired distance from 
the last line engraved. A second line is then ruled, then a third, 
and so on. Excellent stage micrometers of this kind have been 
ruled by Mr. Jackson. They can be obtained of all the instrument 
makers ; but they are now made by Messrs. Powell and Lealand. 

61. Test Objects. — To such wonderful perfection has this pro- 
cess been carried, that M. Nobert, of Griefswald, in Prussia, has 
engraved lines upon glass so close together that upwards of 
80,000 would go in the space of an English inch. Several series 
of these lines were engraved upon one slip of glass. By these 
the defining power of any object-glass could be ascertained. As 
test objects, they are equal to, and even rival, many natural 
objects which have hitherto been employed for this purpose. 
The delicate lines on some of the diatomacese are separated 
from each other by the 1- 50,000th of an inch, while the finest 
lines engraved by M. Nobert are not more than the l-100,000th 
of an inch apart. 

In order to measure the diameter of an object the glass slide 
upon which the lines have been engraved (1-lOOOth or 1-lOOth of 
an inch apart according to the magnifying power) may be placed 
beneath the object upon the stage. This arrangement, however, 
is only suitable for low powers, since the object and lines cannot 
be in focus at the same moment, so that it is impossible to obtain 
a very correct measurement. * 

The podura scale is a most excellent " test object." According 
to Prof. Bailey of the United States, Grammatophora subtilissima 
and Hyalodiscus subtilis, are the most delicate tests {"Smith- 
sonian Contrilutions," Vols. II and VII ; also a paper by 
Mr. Hendry, " Quart. Journ. Mic. Science" Vol. I, p. 179, 1861 ; 
one by Messrs. SuUivant and Wormley, " SUliman's American 
Journal" 3 axi. 1861). 

Eor testing the penetrating power of an object-glass, very fine 
nerve fibres, as, for example, those distributed to vessels, or very 
delicate fibres of striated muscle, mounted in glycerine, may be 
employed. It should be borne in mind that the object glasses 
with a very high angle although very valuable for researched 
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upon the diatomacess, and other very delicate objects of extreme 
tenuity, do not answer so well for investigations upon the 
structure of animal and vegetable tissues, as glasses of a moderate 
or very low angle. This question is fully discussed in the remarks 
on " Test Objects,!' by Dr. Carpenter, « The Microscope and its 
Revelations," pp. 141, et seq. 

62. Simple Method of measuring Objects. — The most simple 
and eflScacious manner of measuring objects is with the aid of the 
camera or neutral tint glass reflector referred to before (§ 44). In 
the field of the microscope is placed an ordinary micrometer, with 
the lines separated by thousandths of an inch. Care being taken 
that the instrument is arranged at the proper distance from the 
paper, the lines magnified by a quarter of an inch object glass 
are carefully traced. The micrometer is removed and replaced by 
the object whose diameter is to be ascertained. In Plate XVIII, 
Fig. 60, both micrometer lines and objects are shown magnified 
by the same power. The object is traced over the lines, or upon 
another piece of paper, and compared with the scale by the aid of 
compasses. The lines may be engraved upon a slate, and 
their value aflSxed, so that any object may be at once measured. 
We require of course a diflFerent scale for each power. Such 
scales may be made upon pieces fof gummed paper, and one of 
them may be affixed to every microscopical drawing. Fig. 61 
shows several such scales magnified by different powers. Thus 
the size of every object delineated may be at once ascertained, 
and the trouble of making individual measurements saved, while 
at the same time the inconvenience of a long description of the 
dimensions of various objects is avoided, than which nothing can 
be more tedious or less profitable to the reader. 

In comparing the representation of the same object delineated 
by different observers, it will be often found that great confusion 
has been produced in consequence of the magnifying power of 
the object-glass not having been accurately ascertained, and an 
object said to be magnified the same number of times by two 
authorities, is not unfrequently represented much larger by one 
than by the other. This discrepancy in most cases arises from 
the magnifying power of the glasses not having been accurately 
ascertained in the first instance. 

I cannot too strongly recommend all microscopic observers to 
ascertain for themselves the magnifying power of every a^ect-glats 
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and to prepare, in the manner presently to be described, a scale 
(T^ measurement by which the dimensions of every object can be at 
once ascertained. 

The plan of appending to every microscopical drawing a scale 
magnified in the same degree as the object represented, super- 
sedes the necessity of giving measurements in the text, while it 
is free from any of the objections above referred to. With very 
little trouble, every one can prepare scales for himself., 

63. On Ascertaining' tlie EEagmifylng' Power of Objeot-g-lasses. 
— I wiU now describe the method of ascertaining the magnifying 
power of the different lenses. Although the several object- 
glasses are termed one inch, one quarter of an inch, one eighth, 
&c., the magnifying power of each is not definite, and the 
quarters of some makers magnify many times more than those of 
others. It is well, therefore, that every observer should be able 
to ascertain for himself the magnifying power of his different 
glasses. Suppose I wish to know how much a French quarter 
magnifies. The one-thousandth of an inch micrometer is placed 
in the field, and the magnified image is thrown by means of 
the neutral tint glass reflector upon a scale, divided into inches 
and tenths of inches. The magnified one-thousandth of an inch 
covers about two-tenths of an inch, and consequently the glass 
magnifies about 200 diameters ; for if it covered one inch, the 
thousandth of an inch must have been magnified 1,000 times, 
but in this case it only corresponds to the one-fifth of an inch, 
and therefore the one-thousandth is magnified 200 times. For 
lower powers the one-thousandth of an inch scale may be 
employed. The manner of ascertaining the magnifying poweriis 
therefore exceedingly simple ; but it is very important for the 
observer to know the magnifying power of every lens, and he 
should ascertain this before he commences to make any obser- 
vations. This simple process will be readily understood if 
Fig. 62 in Plate XVIII be carefully studied. To carry out this 
plan it is only necessary to be provided with a stage micrometer 
divided to lOOths and l,000ths of an inch, and an inch scale 
divided to tenths. 

64. To Ascertain the Diameter of an Object — If an object 
be substituted for the micrometer, and its outline carefully traced 
upon paper, its dimensions may of course be easily ascertained by 
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Fi". 60. Lines separated by risa of an inch magnifled 215 diameters, with olijects magnified in 
the same degree. Fig. 61 . Scales, hundredths and thousandths magnified m different degrees. 

Kg. 63. Mode of ascertaining the magnifying power of an object-glass, a. lOOOths of an inch 
X 200. 6. IruHi scale divided into tenths, c. lOOOths of an inch x 130. li lOOths of an 
inch X 40 Each magnified lOOOth of an inch covers two-tenths, or one-nfth of an inch, 
therefore the glass magnifies 200 times, for .jJsj x 200 = ^5 or i of an inch. Each 100th of 
an inch covers font-tenths of an inch, therelore the glass magnifies 40 times, for jjj x 
40 = -*< Fie 63. A portion of Maltwood's finder, as seen in the microscope. Fig. 64. Simple 
finder' designed by Mr. Wright. Tig. 66. Instrument for scratching a circular line on the 
thin glass, to show the posfiion of an object. Fig. 66. Gas microscope lamp, with water 
bath, &c., arranged by Mr. Highley. [To face page 38.] 
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comparison with the micrometer lines. The magnifying power 
used being the same in both cases. 

In order to apply this plan to microscopical drawings generally, 
the following seems to be the simplest 'method of proceeding, and 
saves much trouble. Scales are carefully drawn upon gummed 
paper ; the magnifying power, and the micrometer employed 
being written against them as represented in Plate XVIII, Fig. 61. 
If a number are drawn together, one of the rows can be cut off 
and appended to the paper upon which the drawing, magnified in 
the same degree, has been made. This is the plan I have followed 
ill all the drawings which illustrate my observations, and the 
scales have been copied in the wood -cuts and plates. All 
magnifying glasses of the same focus do not magnify in precisely 
the same degree, so that it is necessary for every observer to 
ascertain for himself the- magnifying power of his lenses. 

65. Standards of Measurement. — In this country we usually 
employ the English inch, but on the continent the Paris line 
= -0888, or about 1-llth of an English inch, is very generally 
used. The sign '" is used to signify " of a line,'' and has been 
employed by Professor KoUiker in his Works, while " signifies 
" of an inch." 

66. Conversion of Foreign Standards of Measurements. — In 
order to compare the researches of different authors, it is often 
necessary to convert one expression of measurement into another. 
The accompanying table of Dr. Robertson's {"Edin. Month. Jour, 
of Science," Jan. 1862) will be found of great use in making 
these calculations. Deputy Inspector General LawSon gives the 
following rules, in a paper communicated to my "Archives" 
(Vol. II, page 292). A unit is required that will admit of 
microscopic measurements being expressed in the smallest 
number of figures, and permit of foreign measures being 
easily converted into English, and vice versd, and the decimal 
notation should be adopted to facilitate comparison between the 
measurements. 
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Most microscopic measurements are under the hundredth of an 
inch, and a hundred-thousandth of an inch cannot be measured 
with certainty. The requirements of the case therefore may be 
stated in decimals of an English inch by 'OOlOl, and if the two 
ciphers next the decimal point be struck out, and the first 
number be considered the unit, it may be written 1''01, in which 
a thousandth of an inch is the unit. This method will embrace 
nearly every microscopic magnitude in three consecutive figures. 

The foreign measures are the millimetre and the French and 
Prussian lines. The two latter are so nearly equal, that in the 
small fraction required in the present subject they do not differ 
sensibly, and the same rule will serve for the conversion of both. 

A millimetre cont3,ins '03937 English inches or 39''37 ; accord- 
ing to the method proposed, the length to be converted will 
seldom amount to one-fourth of this. To convert millimetres 
into thousandths, shift the decimal point one place to the right 
and multiply by 4 ; if greater accuracy be required, substract 1^ 
from the second place of decimals for each of the nearest numbers 
of units of the product. Thus 0"™-250 becomes 250 which 
X 4 = 10''00, from which subtract ''15; and 9''35 is obtained as 
the value in thousandths of an English inch, while O^^'SS is equal 
to 9''84, which differs from the former by a quantity too smaU to 
measure. 

To convert thousandths of English inches into millimetres, add 
1^ in the second place of decimals for the nearest number of units 
in the sum, divide by 4, and shift the decimal point one place 
to the left, thus— to 9'-84 add '-15 and the sum 9-999 -^ 4 = 
2'498, and shifting the decimal point ™"'2498 which' does not 
differ sensibly from ™™-25, the correct quantity. 

A French line, contains '0888 English inches. To convert lines 
into thousandths of an inch, shift the decimal point one place to 
the right, and multiply by 9 ; if greater accuracy be required, 
subtract I5 from the second place of decimals for each of the 
nearest number of units in the product. Thus 0"'-l-25 becomes 
1-25 which X 9 = 11''25, from which subtract '-14, and the value 
in thousandths is found to be ll'lO, which is correct. 

To count thousandths into lines add I4 in the second place of 
decimals for each of the nearest number of- units in the sum, 
divide by 9, and shift the decimal point one place to the left, thus, 
—to ll'-lO add '-14, the sum 11-25 divided by 9, and the decimal 
point shifted one place to the left gives 0"'-125 as before. 
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In most cases it will be unnecessary to apply the corrections 
noticed above, but by remembering the short rules given, any one 
on reading a foreign work may correct the measurements as he 
reads, and insert them in the margin without delay or interfering 
with his progress. 

67. On Finders. — Various plans have been proposed from time 
to time for marking the exact position of a minute object in a 
specimen, so that it can be placed in the field of the microscope 
whenever required. A fine line of varnish or Brunswick black 
may be drawn round it, or a small and very thin metal tube 
(about the tenth of an inch in diameter) may be moistened with 
the varnish and pressed upon the glass cover, so as to encircle the 
particular object required with the line. 

Mr. Bridgman, of Norwich, has designed an instrument for 
drawing a circle upon the thin glass with a diamond point 
{"Microscopical Journal," Vol III, p. 237), This instrument is 
represented in Plate XVIII, Fig. 65. A, a brass cap fitting upon 
the end of the object glass, which it entirely covers up and 
protects from injury ; B, a stem soldered to the side of the cap 
with the upper end having two projecting sides to steady the ends 
of C, e, and /, which are firmly secured to it; C, an elastic arm of 
hammered brass, which carries at its lower end D, a lever of thin 
brass plsite, having a fragment of diamond inserted in its thinner 
end, and directly under the centre of the cap A ; c and / are two 
springs, pressing upon the shorter end of the lever D, the longer 
one /has a hole to allow the screw h to pass without touching it; 
g, a screw holding the two springs and the elastic arm to the arm 
of the cap ; h, a milled screw to adjust the elastic arm C, so as to • 
bring the diamond point away from the centra, according to the 
size of the ring required. When the object has been found, the 
cap carrying the diamond point is placed on the object glass and 
carefully adjusted, so that the diamond point is brought into 
contact with the surface of the glass, it is then turned round, and 
thus a line is drawn round any object which can be readily found 
at any future time. 

This same end has been gained in another manner. Graduated 
scales have been affixed to the stage of the microscope so as to 
measure the exact amount of movement in the vertical and 
horizontal direction ; the slide being placed in position against a 
stop at the side. The number on the two scales is noted when the 
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object is seen in the field, and, by placing the stage opposite the 
same numbers, at any future time the object must appear in the 
same position. Various ingenious "finders" have been proposed. 
A very simple and efficient one is represented in Plate XVIII, 
Fig. 64, in which the scales are ruled on paper (Mr Wright, "ilfic. 
Jour." Vol. I, p. 302, 1853), which' is afterwards fixed upon the 
stags,' but it is better to have the lines ruled on the brass itself. 

Bailey's Universal Indicator. — Mr. J. W. Bailey; of the United 
States, has described an instrument for registering the positions of 
various objects upon a slide, in Vol. IV of the " Quarterly Jonrnal 
of Microscopical Science." The arrangement is seen in Plate 
XIX. The centre of the field of view corresponds to the point 
■where the horizontal line D intersects the vertical line E, P. 
The piece 6, 1, H is moveable. The slides upon which the objects 
are mounted must have guide lines, as shown in Figs. 1 and 2. 
This indicator is to be firmly fixed to the stage of the microscope, 
care being taken that the centre of the indicator corresponds to 
the centre of the object glass. The mode of using the indicator is 
obvious. 

All such devices have, however, been superseded in cases where 
the microscope is provided with a travelling stage, by the very 
clever arrangement suggested by Mr. Maltwood (" Trans. Mic. 
&c." Vol. VI, p. 69, 1858). A little stop is placed upon one side 
of the stage, in contact with which one end of the finder, and 
afterwards the glass slide can be placed. The finder consists of 
a plate of glass, upon which numbers are arranged in minute 
squares. These run in two directions, vertically and horizontally, 
so that in each square there are two difierent numbers, except in 
the case of the central square, which of course contains two 25's. 
Any object having been found, its exact position may be 
registered by removing the slide and placing on the stage the 
finder. The numbers seen in the field are then marked on the 
slide itself, and the same spot can always be found, by looking for' 
these numbers on the finder, moving the stage so that they come 
in the centre, and then substituting the slide for the finder. The 
numbers and lines are photographed on the finder which is made 
by Messrs. Smith and Beck, and costs 7s. 6d. A few of the squares 
of a Maltwood's finder are represented in Plate XVIII, Fig. 63. 

68. On SCeasuring' the Angles of Crystals— G-omometers. — 
Measming the Angles of Crystals. I have already adverted to the 
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principal methods of measuring objects, but have not discussed 
the mode of ascertaining the value of the angles ot microscopic 
crystals in the microscope. The simplest instrument for this 
purpose is the one represented in Fig. 68, Plate XX, which is a 
slight modification of Schmidt's goniometer. It consists of a cobweb 
stretched across the field of an eje-pieoe, and capable of being 
moved by an arm which passes round an accurately graduated 
arc. The cobweb line is placed parallel to one face of the crystal, 
the circle being moved round until the bar stands at zero. The 
latter is then made to rotate until the cobweb is brought parallel 
with another face. The number of degrees through which the 
bar has passed marks the angle of the crystal. It is absolutely 
necessary that in taking this measurement the crystal should be 
perfectly flat, for otherwise a false angle will be obtained. 
Dr. Leeson has proposed a beautiful and much more perfect 
arrangement for measuring the angles of small crystals. The 
plan has been improved by Mr. Highley, who describes, in the 
Fourth volume of the " Quarterly Journal of Microscopical 
Science^' page 281, a mineralogical microscope. This instrument 
is represented in Plate XX, Fig. 71. It may thus be briefly 
described with the aid of the figure : — 

On a central pivot screwed into a solid circular base rotates a 
plate that carries the body, prism box P, object glass, and fine 
adjustment A ; to the side of the base is fixed a square bar G, 
that carries the principal stage with its coarse adjustment, and 
the secondary stage into which fits the diaphragm polarizer, 
selenite plates, <fcc. A tube screws into the top of bar G, on 
which slides the mirror B. The body slides into a socket 
attaphed to the prism box at the proper angle, so that its axi%, 
will be perpendicular to the outer face of the prism P. Within 
the draw tube are fittings to receive glass tubes for examining 
with a Leeson's goniometer and minute stop, the amount of 
rotation in liquids that exhibit circular polarization. 

A shorter body for other optical examinations replaces the 
ordinary one ; this is fitted with a tourmaline T, and a cell for a 
plate of calc spar C, when the instrument is to be used as a 
modification of Professor Kobell's stauroscope for determining 
crystal systems ; and two lenses L L with a Jackson's micrometer 
M, when the instrument is required for the determination of the 
optic axis on the principle of Soleil's instrument. 

The prism P is contained in a solid brass box, on the upper 
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rig. 68. Goniometer for meaanrinf the angles of crystals in the microscope. Fig. 69. One of the 
ci-jstals of Iceland spar, as arranged for the polariscope. I'ig. 70. Crystals of oxalate of 
lime on a dark giouiid as seen bv ruliccttd light. Fig. 71. I'r. Leeaon's arrangement for 
meaBUrini; the angles of sniuU crystals', as co;istructed by Mr. Highley- Tiiis is described 
in page 44. P-"" face page 44.] 
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surface of which are screwed the tubes that carry the object- 
glass, and one side is removeable to allow of the prism being 
readily taken c^ut and cleaned. 

The fine adjustment consists of a tube screwed into the top of 
prism box at right angles to its surface, over this slides another 
tube on which the object-glasses are screwed. The spindle of 
the adjuster A rotates in a socket projecting from the prism 
box. 

A semicircular arm works up and down the upright bar G, by 
means of a rack and pinion E, and supports the circular stage S, 
which is kept in a horizontal position by means of the nut N ; 
the nuts N screwing on to the axes of the stage, clamp the stage 
firmly to the arm. The stage has a projecting ring, within which 
a graduated plate rotates when certain examinations have to be 
made : but which is ordinarily fitted with a plain metal plate 
that rises flush with the top of the axes of the stage. In this 
instrument the object has to be placed with the glass cover 
downwards. 
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CHAPTEE III. 

IjrSTETTMENTS EeQTTTKED If! MICROSCOPICAL EeSTSAECH. 

Spirit JLamp — Wire Betort Stands —.Tripods — Brass 
Flate — Water Bath. IifSTEUMBNTS poe Cuttik& 
Thin Sections op Tissues. — Scalpels — BouhU- edged 
Scalpel — Douhle-bladed or Valentin's Knife — Scissors — ■ 
Heedles — Forceps ^- Wooden Forceps. Appakatus 
Used fob Examining Ohjects in the Microscope. — • 
Blafe Glass Slides — Thin Glass — Glass Cells — Watch 
Glasses. Cemexts. — Gold Size — Sealinq-tvax Varnish — 
Solution of Shell-lac — Bell's Cement — Brunswick Black 
— Marine Glue — Cement .for Attaching India-rubber or 
Gutta Percha to Glass Slides — Canada Balsam — Of 
Vessels for Keeping Canada Balsam in — Solution of 
Canada Balsam — Gum — French Cement Composed of 
Lime and India-rubber. Preseetatitb Solutions. — 
Spirit and Watei — Glycerine — Thwaites' Fluid — Solu- 
tion of Naphtha and Creosote — Solution of Naphtha and 
Watei — Solution of Carbolic Acid— Solution of Chromic 
Acid — Preservative Gelatine — Gelatine and Glycerine — 
Gum and Glycerine — Goadbfs Solution — Burnett's 
Solution — Solutien of Chloride of Calcium — Alum — 
Arsenious Acid—Arseniuretted Hydrogen — Nitrogen. 

In the present Chapter I shall describe very briefly the 
apparatus necessary for microscopical investigation, and the 
different instraments required by the microscopical observer. I 
shall restrict myself to the consideration of that which is 
absolutely essential, and shall not attempt to describe minutely 
different pieces of apparatus which various observers have 
proposed for special investigation. 

69. Spirit Lamp.. — The Spirit lamp may be made of brass, tin, 
or glass fitted with a ground glass cap. It may be fitted with a 
stand for holding watch-glasses, Plate XXI, Fig. 73. Brass lamps. 
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to which a small retort-stand is fitted, may also be purchased of 
the instrument makers. 

70. "Wire Retort Stands. — Simple wire stands, made like 
retort-stands, which are fixed to a heavy leaden foot, will be 
found exceedingly useful little instruments to the microscopical 
observer. The rings can be readily raised or lowered at pleasure, 
and are well adapted to support light objects, such as glass slides 
over a lamp, test-tubes, flasks, and watch-glasses (Plate XXI, 
Fig. 72). 

71. Tripods are made of thick iron wire, and are useful for 
supporting several pieces of apparatus used in microscopical 
research (Plate XXI, Figs. 75, 77). 

73. Brass Plate. — The brass plate should be about six inches 
long by two broad, and about the thickness of thin millboard. 
It should be supported on three legs, of a convenient height 
for the spirit, or other lamp to be placed underneath, or the 
brass plate may be supported on one of the rings adapted to 
Mr. Highley's lamp. It is used for heating glass slides, in order 
to fix on the glass cells with the aid of marine glue, for mounting 
objects in Canada balsam, and for other purposes, where a uniform 
degree of heat is required to be applied to glass, which is very 
liable to crack if exposed suddenly to the naked flame. These 
different pieces of apparatus have been figured in Plate XXI, 
Fig. 74. 

73. The Water Bath is of great use for drying objectj 
previous to mounting them in Canada balsam. The object may 
be placed in a small porcelain basin, or large watch-glass, or it 
may be simply laid upon a fiat plate. The basin or plate is then 
placed over the vessel containing water to which heat may be 
applied (Fig. 76). In order that vessels of different sizes may 
be heated upon the bath, it is convenient to have a few pieces of 
thin copper p'ate, with holes of different sizes cut in them, 
adapted for watch-glasses and small vessels (Fig. 76a). The 
advantage of drying by a steam heat consists in there being no 
danger of destroying the texture of the object!; by the application 
of too high a temperature. A water-bath may be very readily 
made by placing two porcelain basins one above the other, water 
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Kg. 73. Small retort-stand to support watch-glasses, &c. 

Fig. 73. Spirit lamp with wire stand attached, 

rig. 74. Brass plate for heating glass slides. 

rig. 75. Porcelain basins arranged for a water bath. 

Fig. 76. Small copper bath, with ring to diminish aperture, . , 

Fig. 77. Tripod wire stand for supporting platinum basin containing matter for mcmeration. 
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being poured into the lower one. These may be supported upon 
a tripod or upon one of the rings over the spirit lamp (Fig. 75). 



Instruments pok CtrTTiNO Thin Sections or Tissttbs. 

74. Scalpels. — It wiU be convenient to have three or four 
ordinary dissecting knives or scalpels for general use. One should 
be strong for the purpose of cutting hard substances. 

75. So'u'ble-edg'ecl Scalpels — For cutting thin sections, a knife 
of the form of a very narrow lancet will be found useful, and 
where only sections of small dimensions are required, this will 
answer all the purposes of Valentin's knife. In cases, however, 
where a section is wanted of considerable size, the latter instru- 
ment must be used. The double-edged scalpel should be very 
thin (Plate XXII, Fig. 81). Beautiful scalpels of this form are 
made by Messrs. Weiss, of the Strand. When employed for 
making a section, after cutting a clean surface, the point is made 
to perforate the surface, and carried along at a proper depth, so 
as to cut its way out. The width of the section may then be 
increased by carrying the knife from side to side. 

76. Section Knife of a New Form. — A new section knife has 
been devised by Deputy Inspector General Lawson, for cutting 
very thin sections of soft tissues. The general form of the knife 
is represented in Plate XXIII, Figs. 87 and 88. It is fully 
described in my " Archives." Vol. Ill, p. 286. 

77. Double-bladed or "Valentin's Knife. — This instrument is 
of the greatest value in making thin sections of soft tissues, but 
care is required to keep it in good order. It is soon made blunt if 
used for cutting fibrous or cartilaginous textures. By its aid very 
beautiful sections of the kidney, liver, and other soft glandular 
organs may be obtained with the greatest facility. The blades 
should always be dipped in water or glycerine just before use, for, 
if wet, the operation of cutting is much facilitated, and the 
section more easily removed from between the blades. Imme- 
diately after use the blades should be washed in water, and dried 
with a soft cloth, or piece of wash leather. If a drop of water 
gets into the upper part of the knife where the blades meet, the 
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screw must be taken out, and each blade cleaned separately. 
With care in cleaning it, the knife may be kept in use a long 
time. 

There are two forms of Valentin's knife ; in one the blades are 
sharp on both edges and of a lancet-shape, and in the other, 
which I much prefer, they are sharp at the point and wide at the 
base, so that the cutting edge slants downwards from the point, 
and they only cut on onef side (Plate XXII, Fig. 82). The best 
form of Valentin's knife that I have used is that which has 
lately been made by Mr. Matthews (Pig. 83). The blades of this 
knife can be completely separated from each other and easily 
cleaned. Moreover the distance between the blades is regulated 
by a little screw, which is a most convenient arrangement. 
This knife has been further improved by Mr. Matthews, by the 
addition of two screws so that the perfect parallelism of the two 
blades is ensured. 

78. Kazor. — A strong knife made like a razor is very valuable 
for making sections of many tissues (Plate XXIII, Pig. 89). 

79. Scissors are useful instruments for cutting small thin 
sections of different tissues. The most convenient form for this 
purpose is one in which the blades are curved, as in Pig. 78, 
Plate XXII. When only very small portions of a tissue are 
required for examination, they will be more readily removed with 
the scissors than with any other instrument. Several pair of 
scissors are required for microscopical purposes. Besides the 
ordinary form used for dissection, a small pair, with curved 
blades, a pair of very delicate scissors, with blunt points (Pig. 79), 
such as are employed for the dissection of insects, will be founu 
of use. Some time since, I devised a new form of spring scissors, 
somewhat resembling the microtome. These are particularly 
well adapted for dissecting the nervous systems of insects, for 
following out the delicate ramifications of nerves and other 
minute dissections (Plate XXII, Pig. 80). 

80. Needles of various sizes, form very useful instruments to 
the microscopical observer. They are employed for making 
minute dissections ; for tearing or unravelling various tissues, in 
order to display their elementary structure, and for separating 
any minute object from refuse or extraneous matter, previous to 
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Fig. 78. Curved scissors, for cutting thin sections of tissues. 

Fig. 79. Fine straight scissors, for dissecting. Fig. SO. Spring scissors, for msKing minute dis- 
sections. 
Fig. 81. Double-edged scalpel, for cutting tliiu sections. 

Fig. 83. Valentin's knife. Fig. 83. Valentin's knife, as improved by Mr. Matthews. 
Fig. 84. Needles, for dissecting. 
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its being mounted. Very thin needles are useful for separating 
substances under the field of the microscope. Needles which have 
been flattened at the points, and subsequently hardened, tempered, 
and sharpened on the two edges, make capital knives for very 
delicate work, or the pins used by the surgeons and termed 
harelip pins may be used with advantage. They may be inserted 
in a small wood stick (Fig. 84), or held in the handle of a crotchet 
needle. Mr. Matthews has lately made some needles with cutting 
edges, which are very useful for making minute dissections. 

81. Forceps. — A pair of thin brass forceps' will be found con- 
venient for applying the thin glass cover after the preparation 
has been placed upon a slide»or in a cell. A pair of dissecting 
forceps are also required by the microsoopist. One pair should 
be strong with straight limbs, the other pair should be small, 
with thin curved blades, terminated with slightly rounded points, 
having very flat, but slightly roughened surfaces, of the pattern 
represented in Plate XXIII, Fig. 85. 

Forceps for holding minute objects under the microscope are 
made to fix upon the stage (Fig. 86). 

88. Wooden Forceps made of box-wood, with broad ends, are 
convenient for holding the glass slides when hot, for if held with 
cold metal forceps, the slides often crack. The same object may 
be gained more simply by fastening to the limbs of an ordinary 
pair of forceps, flat pieces of cork. 



Apparatus Used foe Examining Objects in the Microscope. 

83. Plate Glass Slides, the edges of which are ground and 
polished, may be obtained ready for use at six shillings per gross, 
or they may be easily out out with the diamond, and the edges 
ground on the grinding- slab. The slides now in common use in 
this country are three inches in length and one in breadth, and I 
cannot too strongly recommend the observer to employ slides of 
this size only for microscopical purposes. They should always 
be made of plate-glass, and pieces as clear as possible should be 
selected. 

84. Thin Glass. — An object placed for examination upon a 

e2 
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glass slide is always protected with a piece of thin glass before it 
is placed upon the stage of the microscope. Thin glass now used 
for microscopical purposes is called cylinder glass, and is manu- 
factured by Messrs. Chance of Birmingham. It may be obtained 
of different degrees of thickness. Thin glass in sheets should be 
kept in fine sawdust, as it is very readily broken, in consequence 
of being imperfectly annealed. When cut up in small pieces, it 
should be kept in a little box, with a little powdered starch, 
which prevents the pieces being broken. For cutting the thin 
glass an instrument termed a writing diamond is employed, and 
this is also used by some observers for writing the name of the 
preparation upon the glass slide. As a general rule, however, I 
think it better to write the name of the specimen upon a small 
label which can be gummed to the glass. 

Olass Cells are described in Chapter IV. Thin glass of various 
degrees of thickness, and already cut into squares and circles, 
may be obtained of Messrs. Claudet and Houghton, High Holborn. 
For the very high powers the thinnest pieces must be selected 
from a considerable quantity. Messrs. Powell and Lealand supply 
the thin glass for use with their twenty-fifth. 

85. Watch Glasses of various sizes should be kept by every 
observer, as they are convenient for many purposes. They cost 
about a shilling per dozen, and may be obtained of the watch- 
makers. The lunette glasses are useful for examining substances 
in fluids with low powers, as in these we are enabled to obtain a 
considerable extent of fluid of nearly uniform depth. 

The little porcelain moulds in which moist colours are kept, and 
the little circular and oval shallow dishes, are most useful ftr 
soaking microscopical' specimens in various solutions prior to 
examination or mounting. They may be covered by circular 
pieces of glass. 

86. Glass Shades. — Every microscopist should be provided 
with from six to twelve small glass shades from two to four or 
five inches in diameter, to protect objects which are being 
mounted from the dust. The cheap slightly green propagating 
glasses, now commonly sold at all the glass shade shops, 
are most convenient for this purpose. They cost from 2«. to 5s. 
per dozen. These shades are figured in Plate XXIII, Fig. 92. 
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■ nig. 85. Curved foroepSj for minute diesection. 
Fig. 86. Forceps which can be attached to the stage ot the microscope, for holding objects during 

examination. 
Fig. 87. New form of section knife. Fi^. 88. Section of the same through a, 6. 
Fig. 89. Fine strong knife, for cutting thin sections of hard tissues. 
Fig. 90. Fine saw, for sawing hone and other hard tissues. 
Fig. 91. Vessel for containing Canada balsam, gum, cements, &c. 
Fig. 93. Glass shades, for protecting objects from dust while being mounted. 
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CBMElfTS. 



The chief cements employed in microscopical work, are Oold 
size. Sealing-wax varnish. Solution of shell-lac, Solution of asphalt. 
Marine glue, Canada baham, Gum, and a French cement composed 
of lime and India-rubber. These cements are used for attaching 
the glass cell to the glass slide, for fixing the cover upon the 
preparation after it has been properly placed in the cell, 'and for 
other purposes. The liquid cements should be kept in very wide- 
mouthed bottles, or in a capped bottle (Plate XXIII, Pig. 91). 

87. Grold Size is prepared by melting together gum animi, 
boiled linseed oil, red lead, litharge, sulphate of zinc, and 
turpentine. Gold size adapted for microscopical purposes may be 
also prepared as follows : — 25 parts of linseed oil are to be boiled 
with one part of red lead, and a third part as much umber, for 
three hours. The clear fluid is to be poured off and mixed with 
equal parts of white lead and yellow ochre, which have been 
previously well pounded. This is to be added in small successive 
portions, and well mixed ; the whole is then again to be well 
boiled, and the clear fluid poured off for use. In this country it 
may be obtained at any varnish makers. 

88. Sealingr-wax varnish is easily made by dissolving the best 
sealing wax of any colour which may be desired, in tolerably 
strong alcohol. This cement is, however, apt to dry rather 
brittle, and should not, therefore, be used in cases where it is 
of the greatest importance to keep the cell perfectly air-tight. 
It forms a good varnish for the last coat. Various colours may 
be kept according to taste. 

89. Solution of Shell-lac is recommended by Mr. Ralphs for 
fixing down the thin glass cover. It is made by dissolving shell- 
lac in spirits of wine. The sheU-lac should be broken in small 
pieces, placed in a bottle with the spirit, and frequently shaken, 
until a thick solution is obtained. It dries rapidly, and, if put 
on in thin layers successively, forms a good cement. It is not 
acted upon by weak spirit. 

90. Bell's Cement. — The best cement for specimens immersed 
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in glycerine is sold by Messrs. Bell, chemists, Oxford-street. This, 
I believe, was originally suggested by Mr. Tomes, but I do not 
know its exact composition. It appears to contain shell-lac and 
gold-size. 

91. Brunswick Black. — Solution of asphalt in turpentine com- 
monly known by the name of Brunswick black, may be obtained 
at any oil-shop, and forms a most useful cement, both for making 
very thin cells, and also for fixing on the thin glass covers. If a 
little solution of India-rubber in mineral naphtha be added to it, 
there is no danger of the cement cracking when dry. For this 
hint I have to thank my friend, Mr. Brooke. I have many pre- 
parations which have been cemented with Brunswick black which 
have been kept for upwards of ten years. It is always desirable, 
however, to paint on a new layer from time to time, perhaps once 
in twelve months. 

Common Brunswick black is, made by melting one pound of 
asphaltum, and then adding half a pound of linseed oU, and a 
quart of oil of turpentine. The best Brunswick black is prepared 
by boiling together a quarter of a pound of foreign asphaltum, 
and four and a quarter ounces of linseed oil, which has been 
previously boiled with half an ounce of lithai'ge until quite 
stringy ; the mass is. then mixed with half a pint of oil of turpen- 
tine, or as much as may be required to make it of a proper con- 
sistence. It is often improved by being thickened with lamp 
black. It must be remembered that this cement is soluble in oil 
of turpentine. 

93. BCarine O-ltie. — This substance was, I believe, first used for 
microscopical purposes by Dr. Goadby, of Philadelphia. It is 
prepared by dissolving, separately, equal parts of shell-lac and 
India-rubber, in coal or mineral naphtha, and afterwards mixing 
the solutions thoroughly with the. application of heat. It may 
be rendered thinner by the addition of more naphtha. Marine 
glue is readily dissolved by naphtha, ether, or solution of potash. 
It is preserved well in a tin box. I shall describe the manner of 
using marine glue and the difierent cements I have alluded to, 
in Chapter IV. 

93. Cement for attaching' Gntta Fercha or India-rubber to 
the Glass Slides — A cement for attaching cells of guttg, peroha 
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or India-rubber to the glass slide may be made as follows : — 
According to Harting, gutta percha is to be cut into very small 
pieces and stirred, at a gentle beat, with fifteen parts of oil of 
turpentine ; the gritty, insoluble matter, which the gutta percha 
always contains, is to be separated by straining through linen 
cloth, and then one part of sheU-lao is to be added to the solution, 
kept at a gentle heat, and occasionally stirred. The mixture is 
to be kept hot until a drop, when allowed to fall upon a cool 
surface, becomes tolerably hard. When required for use, tjie 
mixture is to be heated, and a small quantity placed upon the 
slide upon which the cell is to be fixed ; the slide itself is then to 
be heated. 

94. Canada Balsam is much employed by microscopical ob- 
servers : formerly it was used for cementing cells together, but 
this is now effected more readily by the aid of marine glue. 

Canada balsam is a thick viscid oleo-resin, which becomes 
softer upon the application of a gentle heat. If it be exposed to 
too high a temperature, the volatile oil is expelled, and a 
hard brittle resin remains behind. It is chiefly employed 
for mounting hard dense textures ; and, in consequence of 
its great power of penetrating textures, and its highly -refracting 
properties, the structure of many substances, which cannot 
be made out by the ordinary mode of examination, is rendered 
manifest by this medium. Canada balsam should be preserved 
in a tin box, care being taken to exclude the dust ; or in 
a bottle having a cap to it. The balsam should be kept very 
clean, otherwise preparations mounted in it will often be 
spoiled in consequence of the accidental introduction of foreign 
bodies. It has been frequently recommended that the oldest 
specimens of balsam should alone be employed for microscopical 
examination. By exposure to the air, the balsam becomes very 
thick, and unfit for use : it may be thinned by the addition of 
turpentine, but this should always be avoided as it renders the 
balsam liable to become streaky some time after the preparation 
has been mounted, and bubbles are often found in it. It is, how- 
ever, always better to use balsam which has been kept in well- 
closed vessels (Plate XXIII, Fig. 91) or in a tin pot. 

95. OfVessels for Keeping? Canada Balsam in. — The tubes, 
made of thick tin-foil, used for artists' colours, with a small cap 
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that screws on to the top, as has been suggested by Mr. Suffolk, 
are very convenient receptacles for the preservation of Canada 
balsam. As they contain no space for air, the balsam does not 
become hard and unmanageable, as is too often the case when it 
is kept in bottles or tin pots. There is no necessity for using 
a glass or metal rod, as the quantity of balsam required can 
always be forced out without the slightest difficulty. Other 
cements and varnishes can be kept in them also for any length of 
time. It is as well, however, to keep them in an upright position, 
to prevent the cement from running into the thread of the screw, 
and so fixing the top too tightly. 

96. Solutions of Canada Balsam. — Canada balsam is soluble 
in ether, but the best solvent is chloroform. Many very delicate 
structures may be mounted in Canada balsam, by immersing them 
in a chloroform solution. As the chloroform evaporates the balsam 
becomes stronger. 

97. Qum. — Thick gum-water will be found very useful for 
attaching labels to preparations, and also for fixing on the 
cover when preparations are mounted in the dry way. It is 
prepared by placing common gum-arabic in cold water, and 
keeping the bottle in a warm place until the solution has become 
sufficiently thick. It should always be strained before it is placed 
in the bottle for use. 

Gum-water, thickened with powdered starch or whiting, is 
a very useful cement for fixing the glass cover on preparations 
mounted dry. When dry it forms a hard white coating. The 
addition of a little arsenious acid will prevent the growth of nul- 
dew. Another very convenient solution is made by dissolving 
powdered gum in a weak solution of acetic acid. 

98. French Cement composed of Lime and India-rubber.— 
The French cement composed of lime and India-rubber is very 
valuable for mounting all large microscopical preparations. The 
principal advantages are, that it never becomes perfectly hard, 
and it therefore permits considerable alteration to take place in 
the fluid contained in the cell without the entrance of air, it also 
adheres very intimately to glass, even if it be perfectly smooth 
and unground. Suppose a glass cover is to be affixed to a large 
cell containing fluid. A small piece of the cement is taken be- 
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tween the finger and thumb and carefully rolled round until it 
can be drawn out into a thread about the eighth or tenth of an 
inch in thickness. I apply this to the top of the cell, before in- 
troducing any fluid, and slightly press it down with the finger 
previously moistened. It adheres intimately. The preservative 
fluid with the preparation are now introduced and the cell filled 
with fluid which indeed is allowed to rise up slightly above its 
walls. The glass cover, rather smaller than the external dimen- 
sions of the cell, and slightly roughened at the edges, is to be 
gently breathed upon, and then one edge is applied to the 
cement, so that it may be allowed to fall gradually upon the 
surface of the fluid which is now seen to wet each part of the 
cover successively, until it completely covers the cell, and a 
certain quantity of the superfluous fluid is pressed out. By the 
aid of any pointed instrument a very little cement is removed 
from one part, so that more fluid may escape as the cover is 
pressed down gently into the cement. The pressure must be re- 
moved very gradually, or air, of course, will enter through the 
hole. A bubble of air entering in this manner may often be 
expelled again by pressure, or it may be driven out by forcing in 
more fluid through a very fine syringe at another part of the cell ; 
but it is far better to prevent the entrance of air in the first 
instance. The edge of the glass cover being thoroughly embedded 
in the cement, the small hole is to be carefully plugged up by a 
small piece of cement, and the cell allowed to stand perfectly still 
for a short time, when it may be very gently wiped with a soft 
cloth. The edges of the cement may be smoothed by the appli- 
cation of a warm iron wire, and any superabundance removed 
with a sharp knife. A little Brunswick black or other liquid 
cement may be applied to the edges, for the purpose of giving 
the whole a neater appearance. 

The cement is made as follows : — A certain quantity of India- 
rubber scraps is carefully melted over a clear fire in a covered 
iron pot. The mass must not be permitted to catch light. 
When it is quite fluid, lime, in a perfectly fine powder, having 
been slacked by exposure to the air, is to be added by small 
quantities at a time, the mixture being woU stirred. When 
moderately thick, it is removed from the fire and well beaten in 
a mortar and moulded in the hands until of the consistency of 
putty. It may be coloured by the addition of vermilion or other 
colouring matter. I have several preparations which have been 
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placed in the creosote and naphtha solution in large cells, and 
they are now perfectly air-tight, although upwards of seven years 
have elapsed since they were first put up. The lime and India- 
rubber cement answers well for fixing on the glass tops of large 
preparation jars, and looks very neat ; but, if moderately strong 
spirit be used, a little air must be permitted to remain in the 
jar. 

Peesbkvativb Soltttions. 

99. Spirit and "Water — Spirit and water forms a well known 
and valuable medium for preserving anatomical preparations. 
In diluting spirit, distilled water only should be employed ; for 
if common water be mixed with spirit, a precipitation of some of 
the salts dissolved in it not unfrequently takes place, whic^ 
renders the mixture turbid and unfit for use. Proof spirit will 
be strong enough for all general purposes, except for hardening 
portions of the brain or nervous system, when stronger spirit 
must be used. Two parts of rectified spirit, about sp. gr. 'SS?, 
mixed with one part of pure water, makes a mixture of sp. gr. 
•915-'920, which contains about 49 per cent, of real alcohol, and 
will therefore be about the strength of proof spirit. One part of 
alcohol, sixty over proof, to five parts of water, forms a mixture 
of a sufficient strength for the preservation of many substances, 
and many microscopical specimens may be preserved in a solution 
more diluted than this. Within the last few years, the Govern- 
ment has permitted the use of methylated alcohol for various 
purposes in the arts, which pays no duty. This spirit answers 
well for preserving anatomical preparations, and is a great boon ♦ 
to all engaged in putting up large anatomical specimens. It may 
be obtained at the price of 5s. 6d. a gallon, sixty degrees over 
proof, of Messrs. Lightly and Simon, and of other distillers, in 
quantities of not less than ten gallons at a time. 

In the first instance, application must be made to the Board of 
Inland Revenue, Somerset House, for permission to use the spirit, 
by letter, accompanied with the names of two respectable house- 
hojders, who are willing to act as bond that the applicant only 
uses it for the purposes stated in his application. The probable 
quantity required annually must also be stated. 

100. Glyceriae. — This is one of the most valuable fluids ever 
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employed for microscopical purposes. I believe Mr. Warington, 
of Apothecaries' Hall, was the first observer who used this 
medium as a preservative fluid. 

A solution of glycerine adapted for preserving many structures 
is prepared by mixing equal parts of glycerine with camphor 
water. The latter prevents the tendency to mildew, or it may be 
mixed with naphtha and water, or with the creosote solution to 
be described presently. The degree of dilution will depend 
upon the nature of specimen. If the substance be at all opaque 
it will be necessary to employ strong glycerine. I have many 
preparations which have been preserved in glycerine for nearly 
twenty years. Of the importance of glycerine, as a preservative 
fluid, I shall have to speak in Chapter VI. 

For preserving medusae and delicate marine animals Dr. Car- 
penter recommends a solution composed of sea water with one- 
tenth of alcohol and the same quantity of glycerine. 

Glycerine is obtained by boiling oil with litharge. The oleate 
of lead remains as an insoluble plaster, while the glycerine is dis- 
solved. It may be rendered free from lead by passing a current of 
sulphuretted hydrogen through it ; and the clear solution, after 
filtration, may then be evaporated to the consistence of a 
syrup. 

The glycerine which is now distilled by a patent process, and 
knawn as Price's glycerine, is much superior to the ordinary 
glycerine. It is perfectly colourless, free from all impurities, and 
of much greater density. The specific gravity of Price's patent 
glycerine is 1240, while the common is only 1196'6. The former 
costs about 6s. and the latter 2s. 6d a pound. 

For twelve years I have used glycerine for preserving almost 
every structure. In Chapter X will be found the results of my 
most recent experience of this substance, from the use of which 
I have learnt more than from any other preservative medium. 

101. Thwaites' Fluid. — This fluid has been much employed 
by Mr. Thwaites for preserving recent specimens of desmidise ; 
but tit is also applicable to the preservation of a vast number 
of animal substances. 
It is made as follows : — 

Water . . . .16 ounces. 
Spirits of wine ... 1 ounce. 
Creosote, suflBcient to saturate the spirit. 
Chalk, as much as may be necessary. 
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Mix the creosote and spirit, stir in the chalk with the aid of a 
pestle and mortar, and let the water be added gradually. Next 
add an equal quantity of water saturated with camphor. Allow 
the mixture to stand for a few days and filter. In attempting 
to preserve large preparations in this fluid, I found that it 
always became turbid, and therefore was led to try several 
modifications of it. The solution next to be described was found 
to answer very satisfactorily. 

. Water may also be impregnated with creosote by distillation. 
It should be remarked that M.' Strausdurkheim has succeeded in 
preserving animal preparations in camphor water only. 

108. Solution of Naphtha and Creosote' 

Creosote .... 3 drachms. 
Wood naphtha ... 6 ounces. 
Distilled water ... 64 ounces. 
Chalk, as much as may be necessary. 

Mix first the naphtha and creosote, then add as much prepared 
chalk as may be sufficient to form a smooth thick paste ; after- 
wards add, very gradually, a* small quantity of the water, which 
must be well mixed with the other ingredients in a mortar. 
Add two or three small lumps of camphor, and allow the mixture 
to stand in a lightly-covered vessel for a fortnight or three 
weeks, with occasional stirring. The almost-clear supernfitant 
fluid may then be poured off and filtered if necessary. It should 
be kept in well-corked or stoppered bottles. 

I have some large preparations which have been preserved in 
upwards of a pint of this fluid, for more than twelve years, and 
the fluid is now perfectly clear and colourless. Some dissections 
of the nervous systems of insects have kept excellently; the 
nerves retain their white appearance, and have not become at all 
brittle. Two or three morbid specimens are also in an excellent 
state of preservation, the colour being to a great extent pre- 
served, and the soft character of the texture remaining. I have 
one preparation mounted in a large gutta percha cell, containing 
nearly a gallon of this fluid. 

A solution of wood naphtha or pyroacetic spirit, in water, has 
been recommended by Professor Quekett, and forms an excellent 
preservative solution, in the proportion of one part of the naphtha 
to ten of water. The solution is often a little cloudy, but may be 
made quite clear by filtration after the mixture has been allowed 
to stand still for some days. 
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One great advantage of these aqueous preservative solutions is 
that the natural appearance of the structure is very slightly 
altered. The solution, however, after a time, renders many of 
the more delicate structures more or less granular. 

103. Carbolic Acid. — A solution of carholic acid in distilled 
water also preserves many animal and vegetable preparations 
exceedingly well. The water will only take up a very small 
quailtity, but the preservative properties of the weakest solution 
are very great. 

104. Solution of Chromic Acid. — A solution of chromic acid 
is well adapted for preserving many microscopical specimens. 
It is particularly useful for hardening portions of the nervous 
system previous to cutting thin sections. The solution is pre- 
pared by dissolving sufficient of the crystallized acid in distilled 
water to render the liquid of a pale straw colour. 

The crystallized acid may be prepared by decomposing 100 
measures of a saturated solutipn of bichromate of potassa, by the 
addition of 120 to 150 measures of pure concentrated sulphuric 
acid. As the mixture becomes cool, crystals of chromic acid are 
deposited, which should be dried and well pressed on a porous 
tile, by which means the greater part of the sulphuric acid is 
removed, and the crystals obtained nearly pure. 

105. Preservative Gelatine. — This substance was first em- 
ployed for preserving microscopical textures by Mr. H. Deane, 
who gives the following directions for its preparation : — 

Gelatine .... 1 ounce. 

Honey 4 ounces. 

Spirits of wine . . . i ounce. 

Creosote .... 6 drops. 

Soak the gelatine in water until soft, and to it add the honey 
■which has been previously raised to the boiling-point in another 
vessel. Nest, let the mixture be boiled, and after it has cooled 
somewhat, the creosote dissolved in the spirits of wine is to be 
added. Lastly, filter through thick flannel to clarify it, 

When required for use, the bottle containing the mixture 
must be slightly warmed, and a drop placed on the preparation 
upon the glass slide, which should also be warmed a little. 



62 • HOW TO WOEK 

Next, the glass cover, after having been breathed upon, is to be 
laid on with the usual precautions, and the edges covered with a 
coating of the Brunswick black varnish. Care must be taken 
that the surface of the drop does not become dry before the 
application of the glass cover ; and the inclusion of air-bubbles 
must be carefully avoided. 

106. G-elatine and Grlycerine. — A mixtm'e of gelatine and 
glycerine makes a very valuable medium for preserving diffei;pnt 
animal and vegetable structures. 

The mixture may be made as follows : — A certain quantity of 
gelatine or isinglass is allowed to soak for some time in cold 
waller, until it swells up and becomes soft. It is then placed in 
a glass vessel and melted by the heat of warm water. It may be 
clarified if necessary by first adding to the cool gelatine a little 
white of egg, then boiling the mixture, and filtering through fine 
flannel. To this fluid, an equal quantity of strong glycerine is 
added and well mixed with it. This mixture may be kept for 
any length of time, and a very slight heat is sufficient to render 
it perfectly fluid. 

107. Gum and O-lycerine. — Mr. Parrauts has suggested the 
following preservative medium which will be found most useful 
for mounting very many objects : — 

Picked gum Arabic . . 4 ounces by weight. 
Distilled water . . . 4 „ „ 

Glycerine .... 2 „ „ 

It is to be kept in a stoppered bottle and a piece of camphor 
. added to the solution. * 

108. Goadby's Solution.— This is made of several diflferent 
strengths. That most generally useful is the following : — 

Bay salt .... 4 ounces. 

Alum 2 ounces. 

Corrosive sublimate . . 4 grains. 

Boiling water ... 4 pints. 

Mix and filter. This solution for most purposes may be 

diluted with an equal bulk of water. For preserving delicate 

preparations it should be even still more dilute. Goadby's 

solution is very valuable for preserving many anatomical 
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specimens, but as it tends to render tissues hard and opaque, 
it is not adapted for the preservation of many structures which 
are to be examined in the microscope. 

109. Burnett's Solution, consisting of chloride of zinc, is a 
powerful antiseptic, but not adapted for the preservation of 
microscopical specimens. 

110. Chloride of Calcium. — A saturated aqueous solution of 
chloride of calcium, free from iron, has been much recommended 
for preserving specimens of bone, hair, teeth, and other hard 
structures, as well as many vegetable tissues. A solution of 
chloride of calcium has been used by the late Professor Schroder 
Van der Kolk, of Utrecht, for keeping sections of the spinal cord 
and preparations of nerves. Many of these, through the kind- 
ness of my friend, I had an opportunity of seeing and can testify 
to their excellence. 

111. Alum . — A solution of oLwm in the proportion of one part 
of alum to sixteen of water has been found to answer pretty well 
for some substances. Gannal's solution, which consists of one 
part of acetate of alumina dissolved in ten parts of water ; 
solutions of common salt (one part to five of water, with a little 
camphor) .'corronW sublimate, persulphate of iron, sulphate of zinc, 
and solutions of several other salts, have been recommended as 
preservative solutions, but although adapted for the preservation 
of animal substances, they cannot be employed for microscopical 
specimens, in consequence of their tendency to render the 
textures very opaque and granular. 

US. Arsenious Acid has been much recommended, and my 
friend Dr. Andrew Clarke has preserved many beautiful specimens 
of lung tissue and other structures in an aqueous solution of this 
substance. 

113. Arseniuretted hydrogen gas has also been recommended 
for the preservation of animal substances, but it is not adapted 
for microscopical preparations. Dr. Richardson has lately kept 
animal substances from decomposition by immersing them in an 
atmosphere of nitrogen, which is prepared by placing a piece of 
phosphorous in a stone jar containing common air, and provided 
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witli an air-tigbt cover. The oxygen is soon exhausted, ani 
decomposition can take place. 

Most of the preservative solutions which I have described 
be obtained of Mr. Highley, Green Street, Leicester Square, 
mode of using these will be described in Chapter VI. B 
microscopist engaged in any special inquiry will of course i 
the composition of these solutions in any way experience 
show him to be advisable. Great improvements doubtless 
yet be made in many preservative solutions. A series 
exact experiments of the effects of the different fluids upon 
same textures is much to be desired, and this is one of 
questions upon which amateurs might contribute most valu 
information. 
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CHAPTEE IV. 

On the Methods op Making Cells toe Microscopical 
Peepaeations. — Cells for Preserving Microscopical 
Specimens — Cells for Dry Objects — Paper Cell — Holder 
for Pressing Objects, ^c. — BrvMswick BlacTc Cell — Cells 
made of Tinfoil and Marine Qlue — Of Cutting and 
Grinding Class — Of Cutting the Thin Glass — Stone or 
Pewter Slab for Grinding Glass — Cementing Glass 
together ivith Marine Glue — Gleaning off Superfluous 
Glue — Cells made of Thin Glass — Simple Methods of 
Perforating the Thin Glass — Deeper Glass Cells — Small 
deep Glass Cells for Injections — Built Glass Cells — Deep 
Glass Cells made by Bending a Strip of Glass in the 
Blowpipe Plame — Moulded Glass Cells — Outta Percha 
— Troughs for Examining Zoophytes — Animalcule Cages 
— Mound Cells Proposed by Dr. Guy. 



Cells for Pbhsebtinq Microscopical Specimens. 

All objects intended for microscopical observation should be 
protected with a cover of thin glass. This cover prevents the 
entrance of dust, and protects the object from exposure to the 
atmosphere. The fluid in which many objects are placed for 
examination would rise in vapour .which would condense upon 
the object-glass, and give rise to great inconvenience were it not 
prevented from evaporating by a thin glass cover. If the thin 
glass, however, should press upon the object placed upon the 
glass slide, its distinctness will be impaired, or the structure may 
be entirely destroyed — an inconvenience which is prevented by 
placing some substance slightly thicker than the object with it 
between the glasses. If this entirely surround the object, a 
little cavity is made in which a specimen may be placed, and 
afterwards covered with thin glass without risk of injury from 
pressure. This is termed a cell, 

P 
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Cells may be composed of various materials according to the 
thickness which may be necessary, or according to the nature of 
the substance to be placed within them. 

114. Paper Cells. — For diy objects an efficient cell is readily 
made with a ring of paper or cardboard fixed with gum to the 
glass slide ; or a hole may be punched out of a piece of cardboard, 
wood, millboard, or gutta percha, or a vulcanized India-rubber 
ring may be cemented to a slip of glass. Many other devices will 
occur to the mind of any one who wishes to make neat cells of 
this kind. If, however, the cell is intended to contain fluid, it 
must be made of some substance impervious to moisture. 

115. Holder for Pressing- Objects between Glasses, &c. — In 
mounting objects, it is often requisite to subject them to firm 
pressure between two of the glass slides. The pressure may be 
obtained by the aid of weights or screws, or by the very simple 
and efficient arrangement devised by Mr. Gorham. (See Plate 
XXIV, Fig. 97.) 

lie. Brunswick Black Cell. — A very thin cell may be made 
by painting a ring of Brunswick black or gold size upon the glass 
slide, and then allowing it to dry. 

The best form of Brunswick black cell is the circular one, 
which is so easily made by the aid of Mr. Shadbolt's excellent 
apparatus (Plate XXIV, Fig. 93). The slide is placed on the 
little brass wheel which is made to revolve, while a brushful of 
Brunswick black is held at the proper distance from the centre, 
according to the diameter of the cell required. If a thick layer 
is desired the slide may be warmed, when the layers of Bruns^ck 
black applied dry very quickly. 

117. Marine G-lue Cells may be made according to the same 
plan. In order to make such a cell, a glass slide is warmed upon 
the brass plate (§ 72), and when hot enough a small piece is 
allowed to melt upon the slide, and moved round and round in 
the position in which the wall of the cell is to be. When the 
glue has been allowed to cool, any superfluity may be removed 
from the slide with a sharp knife. 

118. CeUs made of Tinfoil. — ^A piece of tinfoil may be out out, 
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Fig. 93. Shadbolt's apparatus for making rouud cells of Bruuswiclc black. 

Tig. 94. Flat brass rings for cutting circles of thin glass. 

Fig. 94*. Large bradawl, for scraping away superfluous mariue-glue iu making cells. 

Fig. 95. Plate glass stage for examining objects when immersed m acids or corrosive liquids. 

Fig. 96. Thin ^ass cell, for examining deposits from fluids. 

Fig. 97. Holder, constructed of two pieces of whalebone, tied together, or riveted at both ends. 

Fig. 98. To illustrate the manner in which the diamond is used for cutting thick glass. 

Fig. QQ. Writing diamond for cutting thin glass. 

[To face page 66.] 
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SO as to form a slightly thidfcer cell, and may be fixed upon the 
slide with marine glue, as in Fig. 96, Plate XXIV. 

119. Cutting and Ghrinding: Olass. — In the manufacture of 
cells presently to be described, glass is required to be cut with a 
diamond and ground perfectly smooth at the edges. Moderately 
thick glass is cut with the ordinary glazier's diamond (Plate 
XXIV, Fig. 98), but when we require to cut plate glass, a larger 
diamond than that in ordinary use is necessary. 

130. Cutting Thin Glass. — The thin glass is cut with the 
writing diamond (Plate XXIV, Fig. 99), which makes a scratch 
sufficiently deep to permit of the jgkss being broken (off very 
smoothly. 

The circles of thin glass may be cut by carrying the diamond 
round openings which have been turned in pieces of brass. Of these 
many diflferent sizes may be made so that circular pieces of thin 
glass of any required diameter, may be easUy obtained (Fig. 94). 

121. Stone for Orinding:. — Glass can be ^roM»i(^ upon a perfectly 
fiat stone with emery powder or fine sand and a little water, or, 
instead of the stone, a fiat plate composed of pewter may be used, 
as was recommended by Dr. Goadby. The emery after a time 
becomes embedded in the pewter, and thus a very efficient surface 
for grinding is obtained. 

The pewter plate may be cast in the form of a flat circular disk, 
which can be placed upon a pivot and made to revolve rapidly in 
a horizontal direction by means of a multiplying winch con- 
nected with it — an arrangement which is desirable when it is 
important to save labour as much as possible. 

132. Cementing Glass together with marine Glue. — The 
surface of glass to which a cement is to be applied should always 
be roughened by grinding, as the cement -adheres much more 
intimately to a rough surface than to the polished glass. 

Glass is cemented together with marine glue, and in making 
large built glass, cells, the edges are united by means of the same 
substance, which can now be readily obtained. Formerly gold 
size, Canada balsam, and other cements were employed, but these 
are all inferior to marine glue. 

The manner of applying the marine glue to the glass has been 

E 2 
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already alluded to. The glass must always be warmed upon a 
flat brass or iron plate, so that the heat may be applied gradually 
and equally. It must not be touched with cold fingers, but must 
be held with wooden forceps, or with ordinary forceps, the 
extremities of which have been protected with pieces of cork, in 
the manner described in § 82. 

When the pieces of glass of which the cell is to be composed 
are warm enough, a little glue out into small pieces is allowed to 
melt in the position in which the glass is to be fixed. When it 
is melted, the glass is applied and pressed down upon a deal 
board, so as to squeeze out as much marine glue as possible. 

123. Cleaning off Superfluous Glue — While the slide is yet 
warm, much of the glue may be scraped ofi" with an old knife and 
small chisel (Plate XXIV, Fig. 94*), after which a little solution 
of potash (the liquor potassm of the shops) will soften the 
remainder. It may then be very readily removed with the aid of 
soap and water and a nail brush. Or the whole cell may be 
soaked in equal parts of liquor potassee and water, — but we 
must bear in mind that if the cell be soaked for too long a time 
in strong solution of potash, there is danger of the glue between 
the glass being softened. The potash must always be carefully 
washed away, to prevent the chance of the glue being softened 
after the cell is complete. 

124. Cells made of Thin Q-lass The neatest and most perfect 

shallow cell is formed by making a hole of the required size in a 
piece of thin glass. This used to be effected as follows : — Many 
pieces of thin glass were glued together with marine glu4, and 
when cold a hole was drilled through them all. Lastly they 
were separated from each other by heat, and cleaned with potash 
in the usual manner. 

125. Simple Methods of Perforating the Thin Glass. — Thin 
glass cells may, however, be readily made by every microscopist 
for himself, according to either of the following plans ; — My 
friend, Dr. Erere, takes a small piece of thin glass, and with the 
writing diamond scratches a line corresponding to the piece oi 
glass he wishes to remove, next a bradawl or other sharp 
instrument is placed in the centre of the space, the glass being 
laid upon a perfectly flat surface, such as thick plate glass. 
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A sharp tap upon the bradawl with a light hammer causes it to 
perforate the glass, but the cracks made in it do not extend 
beyond the line marked with the diamond. The fragments of 
glass are then carefully removed piecemeal with a pair of fine 
forceps, and the cell is complete. In many cases, however, the 
cracks do pass beyond the line, and thus the chance of removing 
the fragments from the centre is much diminished. 

The method which I have been in the habit of employing for 
some years is this : I cement a square or circle of thin glass with 
marine glue to one of the circular or quadrangular rings of glass 
used for making deep glass cells, and alluded to in § 127 : the 
hole in the centre being the exact size of that required to be 
made in the thin glass (Plate XXV, Fig. 101). When the marine 
glue is cold, a file is forced through the centre of the thin glass. 
The cracks thus produced do not run across that part of the 
glass cemented by the marine glue. The edges may then be 
filed square, and the thin glass only requires 'to be warmed in 
order to remove it from the cell. It may now be fixed upon the 
slide at once, or cleaned with potash and kept with others until 
required to be made into a cell. 

In order to perforate the thin glass in making thin glass cells, 
Mr. Brooke takes two firm brass rings, ground perfectly flat, the 
diameter of one being a trifle less than that of the other. The 
piece of thin glass to be perforated is firmly pressed between 
them, and the writing diamond carried round so as to scratch 
each surface. The circular piece is then removed by a slight 
tap upon the surface on which the smallest circle has been 
scratched. 

136. Deeper Glass Cells. — Supposing a cell a little deeper 
than any of the above is wanted we may proceed in a different 
manner (Plate XXV, Fig. 105) :— a piece of plate glass of the 
proper thickness is to be cut with the diamond to correspond 
with the outside of the cell, next, from each side of this piece of 
glass, a strip of the required width is to be removed, and from 
its ends, corresponding strips are to be cut off. The central 
portion is taken away, and the strips thus cut out are mverted 
upon the slide upon which they are to be fixed with marine glue, 
care being taken to mark them in the first instance, so that they 
may correspond properly with each other. The marine glue is 
allowed to run well into all the comers. In this way a capital cell 
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is very easily and quickly made. Cells of various sizes and depths 
can be manufactured upon this principle. The surface of the 
glass rim should be ground upon the stone, and the superfluous 
glue removed in the ordinary manner, 

127. Small Deep Cells for Injections. — By drilling a hole in 
a piece of plate glass, by cutting oflF sections of various thickness 
from thick glass tubing, or from thick square glass bottles, or 
from vessels moulded for the purpose, — excellent cells of various 
dimensions, and admirably adapted for mounting injections and 
other purposes, are made ; but when the preparation is of 
considerable thickness, deeper cells than any of those to which I 
have alluded will be required. These may be made in glass, 
gutta percha, and some other substances. A round or oval con- 
cavity may be ground upon the surface of a piece of very thick 
plate glass. (Plate XXVI, Fig. 109.) Different forms of small 
deep glass cells are represented in Plate XXV, Figs. 100, 101, 103, 
104. Moderately deep glass cells may be made also by grinding 
holes of the size required through thick plate glass. (Fig. 103.) 

138. Built Q-lass Cells are those which are constructed by 
joining together, at the edges and ends, separate pieces of glass 
with marine glue or some other cement. The simplest form of 
built glass cell has been already described. 

Good cells may be made from thick plate glass, the edges of 
which have been ground perfectly flat before they were united 
with the marine glue. Dr. Goadby used to make many of these 
cells, which can be formed upon this principle of very large 
dimensions. They may be obtained of Mr. Dennis, of St. John's 
Street Road, who has succeeded in making cells in this manner 
large enough to hold several quarts of fluid. Many cells of this 
description may be seen in the Hunterian Museum of the Royal 
CoUege of Surgeons. They may be constructed as follows :— A strip 
of plate glass is out off, of the proper height for the sides of the cell. 
From this, two pieces are to be cut off the desired length of the 
sides, and two pieces for the ends. The flat surfaces of these are 
to be cemented with marine glue, and all the edges ground 
perfectly flat together. (Plate XXVI, Fig. 108.) The ends are 
also to be very carefully ground square. They are then to be 
separated by heat and connected together at the corners in the 
proper position. (Plate XXV, Fig. 102.) When the four sides 
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Yiz. 100. Small cells for pt'eBerring injections and other thick preparations. 

S^g. 101. To illustrate the manner in which the thin glass may be perforated for making thin glass 

cells. 
Fig. 102. Shows the way in which the angles of a hiiilt glass cell are joined together. 
Fig. 103. Glass cells made hy grinding out the centre of a piece of plate glass. 
Fig. 104. Large deep glass cells, for preserving opaque preparations. 
Fig. 105. Illustrates a simple way of making a moderately thick glass cell. 
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have been thus joined together, one surface is to be carefully 
ground flat, and then cemented to the plate glass bottom. The 
other side, on which the cover is to be placed, may be ground flat 
afterwards. In order to increase the streugth of, these cells and 
to diminish the chance o.f leakage, it is well to cement small 
pieces of glass in the corners, and narrow stripes outside, where 
the sides are attached to the glass slab. (Plate XXVI, Fig. 107.) 
These cells, of course, take some time to make, but they are 
exceedingly neat, and have but one serious drawback — a slight 
liability to leak, which is hardly to be wondered at when the 
number of the joinings is taken into consideration. 

129. Deep Crlass Cells made by bending' a strip of Glass in 
tlie blow-pipe flame. — For some years past I have been in the 
habit of bending a long strip of glass in the blow-pipe; flame, and 
cementing the extremities together in a similar manner when- 
ever a cell of about half an inch in depth is wanted. The 
ordinary plate glass is very liable to crack as it becomes cool, but 
if floilted fiint glass be employed the operation is simple enough. 
This glass, as well as the deep glass cells above referred to, may 
be obtained at Messrs. Powell's glass-works, Whitefriars. This 
cell has the disadvantage of not being perfectly clear. If flint 
glass could be flatted, ground, and polished like plate, it would 
be of much value to those who mount large objects in deep glass 
ceUs. (Plate XXVI, Fig. 110.) 

130. Moulded Glass Cells. — Of late years moulded glass cells 
have been much employed for anatomical preparations, and the 
absence of joints renders them preferable to buUt glass cells. 
Large moulded cells are now made in Germany, the sides of 
which have been ground and polished, and thus a preparation 
can be seen within, almost as clearly as if the sides were com- 
posed of plate glass. These cells can be obtained for a much 
lower price than the built cells, and are, of course, not so liable 
to leak. They may be purchased at the glass-works, White- 
friars. 

131. Giitta Percha may be moulded in a wooden case, and 
♦forms excellent cells where transparent sides are not required, 

I have several preparations which have been preserved for many 
years in large ceUs of this description. Gutta peroha is most 
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useful for joining glass tubes to flat cells as may be required in 
forming cells for special purposes. (Plate XXVI, Fig. 106,) 

133. Troughs for Examining- Zoophytes — These are deep but 
very narrow glass cells, the two surfaces consisting of very thin 
glass, so that the higher powers may be brought sufSciently close 
to the objects. The opening is above, so that the cell with 
living animals within may be placed upon the stage of the 
microscope, when the instrument is inclined, without any fluid 
escaping. It is convenient to have a glass partition in these 
troughs, by means of which objects may be placed in difierent 
parts of the cell. A convenient size is three inches long, an 
inch and a half deep, and a quarter of an inch in width. 

133. AnimalcTile Cage. — Another very convenient form of cell 
is the one called animalcule cage. {See Plate XXXV, Fig. 157, 
Plate XL, Fig. 32). By means of its sliding cover a stratum of 
fluid of any required thickness can be obtained, and small 
living animals can be conveniently fixed in positions suitable for 
observation. For the examination of deposits in fluids this form 
of cell is also very convenient. 

134. Botincl Cells. — My friend and colleague Dr. Guy has 
lately proposed a form of cell which possesses many advantages 
over those in coipmon use. These are circular, and may be made 
of bone, metal, gutta percha, or glass, of various depths, and to 
suit transparent and opaque objects. Several forms have been 
made. They are all of the same external diameter, and are made 
to fit into a rim of equal size in a flat plate of wood, or metal, 
which can be placed in the field of the microscope. A small 
cabinet wiU contain many more preparations mounted in this 
manner than on the ordinary sUps of glass. Dr. Guy has had 
some circular labels printed for these cells upon which the names 
of the preparations may be written, and as these are of different 
colours the various microscopic objects can be readily classified. 
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Pie 106. To iUustrate the manner in wliicli cells of a peculiar shape may be made. The lower 
partis made of plate-glass, to which the tube is attached by gutta percha. This apparatus 
was made for exmiiningthe circulation in the branchiBs ot a proteus. The smaller tubes 
were for the purpose of supplying the animal with fresh water. 

Tie. 107. Large built glass cell. „ i i ^ n, . i 

Fig. 108. Shows the iSanner in which the sides of built glass cells are cemented together m order 
to be eround perfectly flat. , -, .^ ^^ c r • 

Fig 109 Concave glass cell made by grinding out a cup-shaped cavity on the surface of a piece 
of very thick glass. It is afterwards polished. . ^, ,, . . 

Fig. 110. Beep glass cell, made by bending a piece of glass m the blowpipe flame. 
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CHAPTEE V. 

On Examining Objects in the Miceoscope. — Mr 
Beginners only — How to Examine an Object in the Mi- 
croscope. Genebal Considebations upon the Stbtjc- 
TrRE OF Tissues. — Mesh or Muscular Tissue — On 
Demonstrating the Anatomical Peculiarities of Tissues — 
The Anatomy of Organs more easily Demonstrated in the 
Lower Animals than in man and the Higher Animals—' 
Of the Time after Death when Tissues should he Mxamvned 
— Ciliary Motion. Oe Peepaeina Tissues eoe Mi- 
CEOSCOPiOAii Examination. — Of making Minute Dissec- 
tions — Dissecting under the Surface of Fluid — Loaded 
CorJcs — Tablets upon which Dissections may he pinned out 
— Of obtaining Thin Sections of Different Textures for 
Microscopical Examination — Drying the Tissue before 
Cutting the Section — Hardening the Tissue — Horn — Hair 
— Making Thin Sections of Done — Teeth — Sections of 
Wood — Of Dissecting Tissues under the Microscope with 
the Aid, of the Oompressorium — The Cell or Animalcule 
Cage. Of the Impobtance oe Examining Objects 
IN Vabious Waxs. — Appearance of the same Object in 
AiE, Watee, and Canada Balsam, by Transmitted 
Light, and under the influence of Reeieoted Light and 
Polaeized Light. 

135. For Beginjiers only. How to Examine an Object in the 
microscope. — Any one who purchases a microscope probably 
endeavours to look at some object through it as soon as it comes 
home, and of those who make such an attempt many fail com- 
pletely, because they are not acquainted with the principles 
enunciated in this and the preceding chapters. The observer 
should go through the tables at the end of the volume ; but if too 
impatient and eager for action, he may proceed to work at once 
as follows : — 
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1. Place the microscope in the position represented in Fig. 47, 
Plate XV, the eye-piece and the low object-glass (the inch) being 
adapted to the microscope. 

2. Take a dry bread crumb, about the size of a small pin's 
head, place it on a glass slide, and the slide upon the stage of the 
microscope. 

3. Place an ordinary wax candle, or French, or other lamp in 
such a position that the upper surface of the crumb of bread may 
be lighted up, or use the bull's-eye condenser, so that a strong 
light is condensed upon the object, as in Fig. 47. 

4. Screw down the body of the microscope until the object 
comes into focus and is seen distinctly. 

The crumb of bread is examined as an opaque object by reflected 
light, and peculiarities of its surface are alone made out. 

5. Alter the position of the light, if necessary, and so arrange 
the mirror that the light may be reflected from it, and caused to 
pass through the object (tran^itted light). Fig. 48, Plate XV. 
Prevent the light from illuminating the surface as before. The 
object seems very dark and little definite is discovered. 

6. Break the crumb up into several smaller pieces. This may 
be easily eifected with the aid of a penknife. Most of them 
appear as angular particles. They seem dark because they are 
too thick for the light to pass through them, but here and there 
one appears more or less transparent. 

7. One of the transparent pieces being in the field, remove the 
inch power and screw on the quarter of an inch object-glass, and 
examine the crumb. Still the appearance is not very definite 
or satisfactory, and little information is gained with regard to the 
structure of the crumb or of the nature of its component 
particles. 

8. Next screw up the body of the microscope, and remove the 
slide from the stage. Carry a drop of water on the tip of one 
finger, apd so cause the minute cruinbs of bread to be wetted 
without their position being much altered, and carefully apply 
one of the pieces of thin covering glass (§ 84), after breathing 
upon the surface which is to come into contact with the fluid. 
The thin glass may be held in forceps or between the finger aud 
thumb, and allowed to fall upon the wet crumbs very gradually 
by using a needle or a knife, as represented in Plate XXXVII, 
Fig. 174. Remove the superfluous moisture by the aid of the 
handkerchief, or with a piece of blotting paper, so that no water 
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■will drop from the slide when it is placed upon the inclined stage 
of the microscope. 

9. When the crumhs have soaked for a few seconds, give the 
thin glass two or three smart taps so as to crush them a little and 
make them spread out. 

10. Bring the object as near the centre of the field as possible, 
and screw down the body of the instrument until the object comes 
into focus. Many new facts are now learned for the first time. 

a. A number of small, oval, circular, angular and peufeotly 
transparent particles are seen for the first time. 

b. The dark indefinite appearance before observed is no longer 
visible.. . 

c. Each transparent particle has a sharp and dark outline. 
Some are cracked, others exhibit irregularities of surface, while 
in some an indication of concentric lines may be observed. These 
bodies are starch granules or corpuscles of various sizes, modified 
by the heat of the oven. They appear clear and transparent now 
they are examined in water, instead of black and opaque as when 
they were examined before in air, because the refractive power of 
the water approaches more closely to that of the starch granule 
than the air. {See Plate XXXI, § 155.) 

d. Probably some black spherical bodies or very wide and dark 
circular rings will be observed here and there. These are air 
bubbles. (Plate XXXVI, Fig. 161.) 

11. Examine the thinnest possible shaving of deal wood or of a 
cedar pencil, and of mahogany or oak, a fragment of blotting paper, 
a piece of cotton and linen scraped as fine as possible, a small 
pinch of flour, ordinary starch, common pepper, cayenne pepper, 
powdered mustard, in the same way as the bread crumbs, taking 
care to allow them to soak in the drop of water for an hour or 
more, so that they may be perfectly wetted. 

12. Subject pieces of moist tea leaves, very thin sections of 
potato and the peel of the potato, the skin or interior of an orange, 
lemon or other fruit, a piece of rhubarb, cabbage, or other 
vegetable, taking care that in all cases the pieces are small enaagh. 
They can easily be subdivided by a sharp penknife. 

I strongly recommend the beginner to examine various 
specimens of jam and preserved fruits. As these vegetable 
tissues have long soaked in syrup, they have become exceedingly 
transparent, and admirably fitted for microscopical demonstra- 
tion. The spiral vessels, woody and cellular tissues can be 
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obtained without any trouble, and the minute structure of the 
diflFerent vegetable tissues can be most clearly demonstrated. 

The thinnest possible sections can be cut with a sharp thin 
knife (§ 75) from the firmest of these preserved fruits. The 
specimen may be placed in a little syrup for examination. 

The action of syrup and glycerine will be discussed in 
Chapter X. 

136. The Structure of Tissues— General observations. — The 
tissues of animals and plants for the most part are compound, 
and made up of several distinct elementary structures. For 
example, the smallest portion of flesh or muscular tissue, which 
can be removed with a knife or pair of scissors, is composed of 
several distinct structures. In the first place must be noticed 
the proper stilstanee peculiar to muscular tissue, in which the 
characteristic contractile power resides. Secondly, at least in 
most cases, we find a tube composed of perfectly clear, trans- 
parent, structureless membrane, in which this contractile substance, 
or sarcous matter, is contained. Thirdly, there exists a certain 
quantity of areolar tissue (Figs. 112, 113, 115), which connects 
together these elementary fibres ; and not unfrequently associated 
with this is a little fatty or adipose tissue (Figs. 118, 119). 
Fourthly, are vessels (Figs. Ill, 114), lying between the elemen- 
tary fibres just described, in which the blood circulates, for the 
supply of the tissue with its proper nutritive elements. In the 
fifth place we find nerve-fibres running in the same position as 
the vessels (Figs. Ill, 114) : and lastly, at least in relation with 
some of the fibres, are lymphatic vessels. 

Thus, muscle is composed of several elementary structures, 
each having special anatomical peculiarities, and differing from 
the others in physical characters and chemical properties. Some 
of these structures refract light very highly ; others, only in a 
very slight degree. One may be greatly altered or even destroyed 
within a very short time after the muscle has been removed from 
the body, or by the action of plain water, while others resist 
decomposition for a great length of time. The characters of one 
may be demonstrated when the muscle is examined in water ; 
a second, when it is immersed in syrup or glycerine ; a third, 
when the specimen in mounted in Canada balsam ; while the 
arrangement of the delicate, transparent, capillary vessels cannot 
be satisfactorily made out unless a particular plan of preparation 
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Elementary muscular fibres from tlie diaphragm of tJie white mouse, BliowiMg the distrLbutioa 
of nerves and eapillaries to striped muscle. Four fil)res with their transverse markings. 
a, Sarcolemma. Nerve fibres given off from tlie bundle 6 in the uppeu pact of tlie 
drawing. C«pillary vessels. Masses of germinal matter C^nttclei') are seen, in.connection 
with the muscular fibres, with the nerves, and with the capillaries- ia all parts of the 
drawing. 
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be adopted. Such is the nature of the textures in ordinary flesh 
which are demonstrable by the aid of the microscope. 

In Plate XXVII a drawing of a beautiful specimen of elemen- 
tary muscular fibre from the diaphragm of the white mouse is 
represented. This was prepared by injecting the vessels with 
glycerine and other substances in the first instance, as will be 
fuUy described in Chapter VII. The finest nerve fibres and 
capillaries are seen in this specimen, and the transverse strise or 
markings on the elementary fibres are very distinct. 

The chemist can detect a host of other compounds the presence 
of which the mere mioroscopist would ever remain unconscious of, 
for they are dissolved in the juices of the muscle, and therefore 
incapable of being detected by the eye alone. 

The vast diiFerence in the properties of the several textures 
above enumerated renders it very difficult to demonstrate all 
in one single specimen, for the circumstances which favour the 
exhibition of one structure will often render another quite 
invisible. Hence, before we can hope to demonstrate satis- 
factorily the anatomical peculiarities of any one of these different 
textures we must become acquainted with its general properties, 
and must consider the mode of examination likely to be most 
efficient in rendering these distinct. 

The walls of the smallest vessels are so thin and transparent 
that it is necessary to fill them with some coloured fluid or 
material more or less opaque, if we wish to see the mode of 
arrangement of the vascular network {see Chapter VII, On 
Injection) ; while this same process, as ordinarily followed out, 
precludes the possibility of tracing the finer ramifications of the 
nerves, and other elementary tissues are hidden and compressed 
by the distended vessels. To demonstrate the nerves, all the 
other structures must be rendered as transparent as possible, by 
the application of a chemical agent, or by immersing the 
specimen in a highly refracting fluid {see also Chapter X). In 
order to show the membrane in which the sarcous tissue is 
contained, the latter must be ruptured within it in a perfectly 
fresh specimen, or it must be separated from it by pressure. 
By one plan of proceeding it may be shown that the elementary 
fibre of muscle may be divided longitudinally into a number of 
minute fibrillx, arranged parallel to each other ; while under 
other circumstances it can be separated transversely into a pile 
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of small disks, or into ia number of small elementary particles of 
definite form and size, by the connexion of which to the con- 
tiguous particles, ihsifhrilloe, or the disks, are produced, according 
as the particles adhere to each other most intimately by their 
sides or by their extremities. I might adduce many other 
instances of the necessity of studying the general character 
of tissues before any minute examination of the individual 
structures is attempted, but this is sufficient. 

137. On Demonstrating' the Anatomical Peculiarities of 
Tissues. — Now, some observers who have not sufficiently con- 
sidered the different characters of the elementary structures of 
which most of the organs of the body are composed, have strongly 
objected to what they term methods of prepa/ration, asserting that 
by these processes, structures are ^y^n formed which have no real 
existence in the natural state of the part. For this view there is 
some reason. Doubtless, from the examination of a dead tissue 
we can form but an imperfect conception of the beauty of its 
elementary parts, and their Wonderful adaptation to the office 
they are designed to perform in the animal economy ; neither 
can we form an idea of the changes it undergoes during 
life ; and we must remember that there is no known fluid im 
which we can immerse a specimen for examination, which 
possesses the precise characters of that which bathes the tissue 
during its lifetime. Serum may, perhaps, be the nearest approach 
to such a fluid, but there is every reason to believe that this 
differs from the fluid surrounding the primitive particles almost 
as much as some artificial media which have been proved by 
experience to give very satisfactory results. Objectors to the 
preparation of tissues have not satisfactorily proved that many of 
the structures which we see after death have a precisely similar 
appearance during life, and it is more than probable that many 
of the more delicate tissues have never been seen by any one in 
the condition in which they exist during life. I believe that the 
amount of opacity which is absolutely necessary for seeing some 
of these is quite inconsistent with their natural condition, and is 
the result of a change which has never been fully appreciated, 
though, perhaps, some idea of its nature may be formed by 
considering the characters of fibrin in the circulating blood, and 
fibrin removed from the organism and coagulated, or those of 
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Fig. Il3. Yellovi- fibrous tissue from the ligament of the neck of a slieep. Fig. 113. Wliite fibrous 
tissue fromteudon. Kg. 11 4 Muscular fibre, with nerve fibres and capillary vessels. 
I'if;, 115. Fibres of yellow elastic tissue. Fig. 116. Capillary with nerve fibres around it. 
From tlie frog. Fig. 117. Tracheffi from an insect. Fig. 118. Adipose tissue. Fat vesicles, 
with germinal matter or 'nuclei.' 
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albumen dissolved in the serum, coagulated but transparent in 
many of the tissues, coagulated and opaque after the addition of 
different reagents. 

Prom what I have just observed it must be evident, that the 
clear demonstration of the structure of any individual organ of 
the body is a somewhat diflScult matter, and requires a con- 
siderable amount of knowledge of the chemical and physical 
characters of the tissues, as well as patient investigation and 
earnest study, which wiU alone enable us to make artificially a 
fluid which shall possess the most important characters of that 
which surrounds the tissue during life. 

138. The Anatomy of Organs more easily Demonstrated in 
the liower Animals than in Man and the Higher Animals. — 
In consequence of the great complexity of the structure of many 
of the tissues of the higher animals their rapid change after their 
removal from the body, and their extreme delicacy, anatomists have 
long been in the habit of resorting to the examination of textures 
in the lower forms of animal life for olitaining an in^ght into 
the structure of parallel tissues in the higher, and with con- 
siderable success. I can adduce no better example of the great 
value of such an appeal to the simpler forms of animal life than 
occurs in the case of the kidney. 

In animals generally, this gland consists essentially of a vast 
number of long and highly tortuous tubes — which in the higher 
members of the class are packed so closely together that they 
form a firm and very compact organ, the general characters of 
which are familiar to all — and of vessels bearing a particular 
relation to these tubes. In such a kidney it is iiapossible, under 
ordinary circumstances, to follow a tube for any very great length, 
as the observer will be convinced if he looks at a specimen in the 
microscope ; but in the lower animals the kidney is less compact, 
and the several tubes are not so intimately connected together. 
Indeed, in many of them the kidney is prolonged into a thin, 
transparent, almost thread-like organ, which extends into the 
thoracic portion of the animal. In this situation in the common 
newt or eft (Triton or Lissotriton) we have, so to say, a natural 
dissection of the elements of the gland structure, and we may 
demonstrate an arrangement, the existence of which we can only 
infer by an examination of thin sections of the compact kidney 
of mammalian animals. Single tubes, with the structures con- 
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neoted with them, may be traced throughout their entire length, 
and are quite separate from one another. I need hardly observe, 
that it would be vain to attempt to make such a dissection 
artificially. 

Many other instances of the value of this kind of investigation 
might be adduced of equal interest and importance, but instead 
of occupying time in this manner I will most strongly urge upon 
all those who are likely to prosecute researches upon the charac- 
ters of any particular tissue or organ, the importance of 
investigating carefully its nature in the different members of the 
creation, and especially in the lowest forms in which its existence 
has been proved, — for there we may be sure to find it in its 
simplest condition, and the mind will be better able to appreciate 
the exact meaning of the structures which are superadded, and 
the more elaborate anatomical detail which is met with in the 
higher animals, than if we commenced our researches upon the 
most perfect examples of the structure. 

139. Of the Time after Death when Tissues should be Ex- 
amined. — I must also make a few remarks upon the time when 
the examination may be carried on with the best chance of 
success. Some animal tissues require to be examined very soon 
after death, or their characteristic peculiarities are lost. Soon 
after death a shrinking or collapse of the soft germinal matter 
(the so-called ' nucleus ') occurs, and this alteration has led to 
the view that the nuclei lie embedded in spaces or vacuoles in the 
tissues. During life, and especially in the early and more active 
period of growth, the matter of which the nucleus is composed is 
continuous with the tissue. 

140. Ciliary Movement. — Upon certain surfaces in the higher 
animals, and to a greater extent in the lower classes, we find 
that the cells which generally form the outer coating to more 
delicate structures beneath, are provided with very active 
vibratile processes, or cilia, which by their movement create 
currents often of some considerable power. These movements are 
sometimes required to promote the rapid removal of foreign bodies 
which would injure delicate surfaces if they came in absolute 
contact with them, or for promoting a constant change in the 
fluid medium by which the animal is surrounded. The 
importance of cilia in effecting the latter object is seen in the 
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fie. 119. Fatty tissue showing fat vesicles, the crystalline fat has separated from the oily fat. 
fig. 120. Smdl vessel dividing into cajnllanes. 
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greater number of shell fish, which are stationary throughout 
life, and are not provided with an apparatus for promoting a 
continual change of the fluid which bathes the surface of their 
respiratory organs. In these animals this great object is entirely 
effected by the agency of these small cilia. 

Ciliary Motion endures for a longer or shorter period after 
death, and is entirely independent of the nervous system. In 
the active birds it ceases very soon, but in the more slowly- 
nourished, cold-blooded animals it often lasts for many days 
after death. 

Ciliated epithelium can always be seen in the mucus scraped 
from the tongue of the frog, in the kidneys of this animal and 
of the newt, and on the gills of the mussel and oyster, of which 
a small piece may be removed with a pair of scissors. It is 
important to moisten ciliated epithelium with a little serum of 
the animal, as water soon puts a stop to the movements. The 
movements are excited by the action of very dilute potash. 



Ok Psefabiko Tissues fob Microscopical Examination. 

141. Of Makiner Minnte Dissections. — Minute dissections are 
usually carried on under the surface of fluid with the aid of small 
scissors, needles or small knives, and forceps. If the preparation 
has been preserved in spirit or other solution, it must be dissected 
in the same fluid, but in ordinary cases clear water may be used. 
The microscopist should be provided with a few small dishes, 
varying in size, and about an inch or more in depth. The large 
built cells make very good troughs foi; dissecting in, but small 
circular vessels are made on purpose. 

143. Iioaded Corks. — The object to be dissected is attached to 
a loaded cork by small pins (Plate XXX, Fig. 124). We may take 
a piece of flat cork rather smaller than the cell, and then cut a 
piece of sheet lead somewhat larger than the cork. The edges 
of the lead are then folded over the cork and beaten down slightly 
with a hammer, and may afterwards be filed with a rough file. 

The object being fixed upon the cork and placed in the cell, 
fluid is poured in until it just covers the surface (Plate XXIX, 
Pig. 121). A strong light is then condensed upon it by means of 
a large bull's eye condenser, or by a large globe full of water. 
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With a strong light, magnifying glasses are not required ; and I 
have always found that delicate dissections could be made with 
the greatest facility without the aid of a dissecting microscope, 
provided a strong light was condensed upon the object. Occa- 
sional examination of the dissection with a lens of low power is 
advantageous ; but if a lens be employed during the dissection 
there is great danger of accidentally injuring the specimen, as it 
is impossible to judge of the distance which the needle point 
may be beneath the surface of the fluid. Minute branches of 
nerves or vessels may in this way be followed out, and small 
pieces of the different tissues into which they can be traced may 
be removed for microscopical examination with a pair of fine 
scissors. Membranes may be dissected from the structures upon 
which they lie in a similar manner. By this plan the nervous 
system of the smallest insects can be very readily dissected. The 
mode of proceeding is represented in Pig. 121. 

143. Tablets upon which Dissections may be Pinned out. — 
Many preparations require to be arranged in a particular position 
previous to being mounted as permanent objects. Slabs of wax 
are usually employed by anatomists for this purpose, but when 
transparency is Tequired the dissections may be attached by 
threads to thin plates of mica. 

I have found that the best slabs may be made of a mixture of 
wax and gutta percha, in the proportion of one part of the former 
to two of the latter. The ingredients are to be melted in an iron 
pot, over a clear fire, and well stirred. When quite fluid, the 
mass may be poured upon a flat slab and allowed to cool. Thin 
cakes of about the eighth of an inch in thickness are thus 
obtained, and they can easily be cut with a knife to fit the cells ' 
intended for the preparation. Pins or small pieces of silver wire 
may be inserted into these slabs, and will adhere firmly although 
the slabs are very thin. 

144. Of obtaining Thin Sections of different Textures for 

microscopical Examination The instriunents required for 

obtaining thin sections of soft tissues have been described in 
Chapter III. 

It is scarcely necessary to observe that such different textures 
as muscular fibre and gland structures, and other soft tissues, 
require a propess for cutting them different to that which is 
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applicable for cutting thin slices of such tissues as hair, h6rn, 
bone, or teeth. 

Where thin sections of no very great extent of tissue are 
required they may be obtained by scissors (§ 79), by the ordinary 
scalpel (§ 74), by the double-edged knife (§ 75), or by Valentin's 
knife (§ 77). Whenever a thin section of a tissue is made, the 
instrument employed must be thoroughly wetted with water, and 
the section, after its removal, should be carefully washed, by 
agitating it in water, or by directing a stream of water upon it 
from the wash-bottle (§ 180, Pig. 173, Plate XXXYII). This 
washing is absolutely necessary to remove from the surface of the 
section particles of dfibris, which would render the appearances 
indistinct, and interfere with the clearness of the specimen wheU 
it was subjected to examination in the microscope. The section 
may then be transferred to the fluid in which it is to be examined 
or preserved. 

145. Drying the Tissue 'before Cutting the Section. — There 
are, however, many tissues, of which sections cannot be obtained 
in this simple manner, — thus it ia almost impossible to cut 
sections of soft membranous textures perpendicular to the sui'fkde, 
sufficiently thin for examination. In such cases, it is advisable 
to pin the texture out upon a board when perfectly fresh, and 
expose it to the atmosphere until quite dry. Thin sections may 
then be cut very easily, and upon being moistened with wate* 
wiU resume their recent appearance. The very delicate nervous 
tissue of the retina may be cut into very thin sections by drying 
the eye which has been cut open, sO that it may be pinned out 
flat on a board. The vitreous humour is not to be entirely 
removed, as it protects the retina and dries Up with it. Very 
thin sections of skin and many other tissues may be obtained by 
this process. 

146. Hardening the Tissue. — Other textures, again, require 
special treatment in order to render them suffloiently hard to 
enable us to out thin sections. Some require boiling for this 
purpose, others soaking in alcohol, or chromic acid, or in syrup, 
while not a few require special modes of. treatment, which are 
applicable to them alone. 

147. Horn. — Thin sections of horn and textures of tMs des- 

g2 
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cription may be cut with a sharp strong knife (Plate XXIII, 
Fig. 89). 

148. Hair. — There are many ways of obtaining thin transverse 
sections of hair. Thus a number of hairs, may be united together 
by a little gum, so as to form, when dry, a firm hard mass. Thin 
sections of this can readily be made, with a sharp knife, and 
the individual pieces may be separated from each other, by 
the application of a drop of water. These may be mounted in 
fluid, or dried and preserved in Canada balsam (§165). 

Or the hairs may be placed between two pieces of cardboard, 
or between two flat pieces of cork, and when tightly pressed 
in a vice, thin sections of the hair, including the cardboard and , 
cork, can be obtained with a sharp knife. For cutting thin 
transverse sections of hair, my friend Professor Weber of Leipzig, 
recommends a very simple expedient. He suggests that the 
beard should be shaved very closely, and then after a few hours 
shaved again. In this way excessively thin sections of hair in 
great numbers may be obtained. 

149. Making: Thin Sections of Dry Bone. — For obtaining thin 
sections of bone, a totally difierent process is requisite. In the 
first place, a section as thin as possible is removed from the bone 
with the aid of a thin sharp saw (Plate XXIII, Fig. 90). This 
may be made somewhat thinner by a file, and afterwards ground 
down to the required degree of tenuity upon a hone. The best 
stones for this purpose are the Arkansas oil stones or the Turkey 
stones, which have been ground perfectly flat. The section may 
be kept in contact with the stone by the pressure of the thunft), 
or with a piece of cork, or by the finger, or lastly, it may be 
rubbed between two hones, a proceeding which saves much time. 

It is to be ground down with the aid of a little water, and 
when sufficiently thin it may be subjected to examination in 
the microscope. It wiU, however, 'be found, that the beauty 
of the tissue is completely obscured, owing to the number of 
scratches upon its surface. These may be removed by rubbing 
the section upon a dry hone, and afterwards upon a piece of plate 
glass. After the piece of bone has been properly polished, no 
lines win be seen upon it, when it is examined in the microscope. 

150. Teeth. — Sections of dry teeth cannot be advantageously 
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Fig. 134. Loftded cork, upon which objects for dissection may be pinned out. 
Mg. 125. Instrument for cutting thin sections of wood, &c. 

Figs. 126, 127. Uilferent kinds of compressorium, for pressing or tearing-up tissues under the 
' microscope. 
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prepared in this manner, owing to the very brittle nature of the 
enamel, The better way is to grind the tooth down at a dentist's 
lathe until afsection sufficiently thin be obtained. 

Sections oi fresh bone and teeth may be prepared moist so as 
to show many more important points in their structure and mode 
of growth, according to the plan described in Chapter X. After 
they have been soaked for some time in glycerine and acetic acid, 
very thin shavings even of enamel may be obtained with a strong 
sharp knife. The calcareous matter may be dissolved out from 
specimens prepared by carmine, and thin sections easily made of 
the modified matrix. 

151. Sections of shells of many of the lower animals, and the 
hard shells and stones of fruit may be made in a similar manner. 

158. Sections of Wood may be made with the aid of a little 
instrument figured in Plate XXX, Fig. 125. A piece of wood, after 
having been allowed to soak for some time in water, is placed in 
the hole, and kept in its position by the side screw. Upon turning 
the lower screw the wood is forced above the brass plate. A 
clean section is now made with a sharp strong knife or razor- 
By turning the screw beneath, very slightly, the wood is forced 
above the surface of the brass plate, and thus a section of any 
required thickness may be obtained. 

153. Sissectingr Tissues Tinder the Ilicroscope with'the aid of 
the Compressorinm. — In many cases the observer wishes to 
dissect an extremely delicate structure under the microscope, for in 
this way much information can often be acquired with reference 
to the exact relation existing between the structural elements 
of the tissue. This object may be gained by means of a little 
instrument termed a eompressorivm,, which consists simply of a 
convenient arrangement by which pressure can be applied to an 
object while under examination (Plate XXX, Figs. 126, 127). This 
pressure being applied gradually, the texture becomes frayed out as 
it were, and particular structures can often be teazed out from a 
tissue, and demonstrated more distinctly than by any other method. 
The structure of the compressorinm is very simple. Many 
different forms have been recommended, one of the simplest con- 
sists of a thick brass plate with a hole in the centre to admit the 
light. On one side of this is situated the fulcrum of a lever, the 



86 HOW TO WOEK 

short end of which acts upon a circular ring carrying the thin 
glass to cover the preparation, while to the longer arm is attached 
a screw, which by being turned causes the thin glass to be pressed 
tightly upon the object placed upon a piece of plate glass situated 
upon the plate of the compressorium. A more perfect form of 
instrument has been arranged by Mr. Highley. It is represented 
in Plate XXX, Fig. 126. 

The plate glass is usually fixed in the hole in the brass plate, 
but it is more convenient to have a ledge attached to one side, so 
that an ordinary plate glass slide may rest upon it. "With such 
an arrangement, the tissue to be examined can be placed as may 
be thought desirable, upon any part of the glass before it is 
removed to the compressorium. 

A very convenient form is employed by M. Quatrefages, in which 
it is possible to examine the object upon either side. 

154. The CeU or Animaloiae Cag-e (Plate XXXV, Pig. 157) also 
serves the purpose of a compressorium when a very great amount 
of pressure is not required. It is important that the shoulder 
upon which the cover fits should be at least as wide as the one 
figured, otherwise when the glasses are not cleaned immediately 
after use, solutions which have been examined are apt to dry and 
prevent the removal of the cover without much trouble. 



Of the Importanob of Bxaminino the Same Objects in 
Various Wats. 

Many Qbjects require examination in several distinct ways 
before an accurate idea of their general structure can be obtained. 
It is in many instances of the utmost importance to examine an 
object by reflected light as well as by transmitted light, and to 
observe the peculiarities of structure when it is surrounded with 
air, or immersed in water, or in a highly refracting fluid, such as 
glycerine, ail, turpentine, or Candida balsam. Not less valuable is 
the information we derive from the application of certain chemical 
reagents {see Chapter VIII). The microscopical observer must 
bear in mind that in order to make out the exact nature of any 
texture it is necessary to subject it to various difierent processes 
of observation, and to the action of certain chemical reagents, 
according to the transparent or opaxdiy, density, refractive power, 



WITH THE MICEOSOOPE. 87 

and chemical composition of the specimen. So also he must submit 
the object to examination with high powers and low powers. 

155, Appearance of the Same Object ezammed in Air, 
Water, and Canada Balsam, by Transmitted liiirbt, and under 
the influence of Beflected Lig'ht and Polarized Iiig'ht. — In 
Plate XXXI specimens of the same structure (spherical crystals 
of carbonate of lime and octohedra of oxalate of lime) magnified 
in the same degree, are represented. 

In Air. — In Pig. 128 crystals of carbonate of lime, and in Fig. 
134 octohedra of oxalate of lime are shown by transmitted light 
in air mounted in the dry way, and it will be noticed how very 
dark and thick the outer part appears, and how impossible it 
is to make out the ultimate arrangement of the former crystals. 

In Water. — In Figs. 129 and 135 the same crystals are seen in 
water. The outer part is still very dark and thick, but in the 
carbonate of lime a few lines may be observed radiating from the 
centre of the crystals towards their circumference, although not 
very distinctly. 

In Canada Balsam. — In Figs. 130 and 136 the crystals are 
shown immersed in Canada balsam. Here the outline appears as 
a sharp well-defined line. In the case of the carbonate of lime 
a vast number of narrow lines are seen radiating from the centre 
of the crystal towards its circumference, which shows that it is 
really made up of a congeries of minute acicular crystals. 

By Beflected Light.— In Figs. 131 and 133 the crystals are 
represented as they appear when examined by reflected light. 
The globular form, and yellowish colour of the carbonate of lime, 
are very distinctly seen,' and the surfaces of the crystals generally 
seem slightly rough, while some appear to be covered by minute 
elevations. 

By Polarized Light.— In Fig. 132 another preparation of the 
crystals of carbonate of lime is seen under the influence of 
polarized light. Each crystal exhibits a black cross which alters 
iits position and appearance as the analyzer (§ 34) is rotated. 
These important points might be illustrated by a vast number of 
other substances. I cannot too strongly advise the observer to 
subject various microscopical structures to examination in air, 
water, and Canada balsam, and by direct or reflected, as well as 
under the influence of transmitted light, and in some cases by 
polarized light. 
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Fig. 128. Spherical crystals of carbonate of lime, examined by transmitted ]ip:bt in air. 

Mg. 129, The same in water, l-'ig, 130. Tlie same in Canada balsam. Fig. 131. The same under 

the influence of reflected light. I'ig. 133. The same under the influence of polarized light. 
Fig. 133. Octohedral crystals as seen by reflected light. Fig. 134. The same in air by trausmittej 

light. Fig. 135. In water. Fig. 136. In Canada balsam. The thin lines in the last case,,ffl 

caused by the refractive power of the crystal and that of the medium in which, it is 

immersed being nearly equal. 
Fig. 137. To illustrate the appearance of crystals when examined in their owu mother-liquor. 
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CHAPTEE VI. 

Ow THE Examination of Tissues and thbie Peeseeta- 
TioN AS Pbemanent OBJECTS. — General Considerations 
with reference to the Natwre of the Medium in which 
Tissues should he placed for Examination. Examination 
AND Peeseevation oe Steucxuees in Aie. Examina- 
tion AND PeESEETATION OE SUBSTANCES IN AqUEOUS 

Plxtids. Examination and Peeseetation oe Soet 
Tissues. — Muscle — Villi, Adipose Tissue — Nerve Fibres — 
Arrangement for pressing down the Thin Glass Cover wpon. 
the 'Preparation while the Brunswick BlacTc is drying — ■ 
Examination of Vegetable Tissues — Of the Circulation in 
the Cells of Vallisneria — Anacharis, Anchusa, ^c. Exami- 
nation AND Peeseetation of Objects in Canada 
.Balsam. — Examination of Sard Tissues: Bone. AiE- 
bubbles. Oil-globules. — Blood-globules — Eungi. Oe 
THE Sepaeation oe DEPOSITS EEOM Pluids. — Conical 
Glasses — Pipettes — Bemoving the Deposit with the Pipette 
— Separation of Deposit when very Small in Quantity 
— Examination of Infusoria — Vorticellcs — Zoophytes — 
On separating the Coarse from the Einer Particles of 
a Deposit — Method of obtaining the Silieious STceletons of 
Lower Organisms — Wash-bottle — OfTeeepvng Preparations 
in the Cabinet. 



Op the Examination op Tissues and op their Pbesekvation 
AS Pbemanbnt Objects. 

MiOBOscoPio objects require to be mounted in different media 
according to the nature of the texture and the particular tissue 
which it is intended to display. 

156. General Considerations with reference to the Nature 
of the SCediiun in which Tissues should he placed for Examina- 
tion. — If the structure be dry and very thin, or if it is required 
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only to make out any general points with reference to its outline, 
or the character of its surface, it may be examined in the air. 
So also many structures examined by low powers, and by reflected 
light, exhibit the general arrangement of their component parts 
very satisfactorily when mounted perfectly dry. 

If, however, the structure b? delicate and moist, and readily 
destroyed by careless manipulation, it is generally desirable to 
examine it in some aqueous fluid when quite fresh. The character 
of the fluid will vary in difierent cases. Water answers well in 
many instances, but the microscopical characters of some textures 
are completely altered by water, or even altogether destroyed by 
it. Other tissues are so dark andf opaque that they are not well 
displayed in water. Soft and cell-like structures become dis- 
tended by it. It does not follow that the structure must have a 
membranous wall — a mass of jelly may be made to swell out just 
as well as a " cell." In consequence of a denser fluid being in the 
interior, the more limpid water passes in and mixes with the 
matter of which the mass is composed. The cell thus becomes dis- 
tended by this flowing in or osmosis, and in the case of cells with 
membranous walls, the process may proceed to such an extent as to 
cause the rupture of the cell wall and the escape of its contents. 
To prevent this result, it is necessary to immerse the stru'cture in 
some fluid approaching to that in its substance or in its interior, 
in density. A little white sugar may be dissolved in the water 
with this end, or a little glycerine may be added to it for the 
same purpose. Of all substances soluble in water, glycerine is 
one of the most useful to the microscopist. With glycerine he 
may obtain a fluid of any density, and of various degrees of 
refracting power. Moderately strong solutions of glycerine 
preserve organized structures for any length of time. Glycerine 
is to moist tissues what Canada balsam is to textures which are 
capable of being dried, without their structure being impaired. 
The most dense, opaque, and ill-defined structures, immersed in 
glycerine become clear and transparent ; and anatomical pecu- 
liarities which were before indistinct, or not observable, become 
demonstrable without diflSculty. Another advantage is, that by 
the addition of a little water all the original characters of the , 
tissue are restored. 

Canada balsam exerts a similar effect upon many textures in 
rendering them transparent, but it is of course only applicable to 
those structures which are not altered or destroyed by drying, 
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and its use, therefore, ia very limited. Glycerine does not possess 
these disadvantages, and in it any moist tissue may be placed. 
Par more wiU be learnt of the structure of tissues by the use of 
glycerine, than has been learnt by Canada balsam. 



Examination and Pbbsebtation op Stkuotuees in Air. 

157. Exammingr and Freserviug: Speciinens in the Dry Way. 
— Any specimen examined, or preserved permanently, as a dry 
object in air, must be protected from dust by being covered with 
thin glass, and the pressure of the latter upon the specimen must 
be prevented by the interposition of small pieces of cardboard at 
the edges of the thin glass, slightly thicker than the specimen itself. 
Objects may be mounted in the dry way in many of the cells 
described in Chapter IV ; but a simple cell made of wood 
or cardboard is sufficient for all practical purposes. The round 
vulcanized India-rubber rings cemented to the glass slides make 
capital cells for mounting such preparations. 

The thin glass cover must be attached by a little very thick 
gum, or by a paste made of gijm and flour or chalk. 

Among .jtinorganized substances, there are many objects which 
may be mounted or preserved with advantage in air. Many 
crystalline bodies found native, and crystals derived from the 
organic and inorganic kingdoms artificially prepared, may be 
examined or preserved permanently in air. Many of these 
present very beautiful appearances. Arsenious acid, common 
salt, benzoic acid, uric acid, crystals of the vegetable alkaloids, 
such as salioine and many crystalline salts, bone, teeth, hairj 
horn, the scales of butterflies and other insects, are examples of 
structures which may be examined in air and mounted dry. 
The general structure of many vegetable preparations may be 
shown in this simple manner. The petals of many flowers, 
different forms of vegetable cellular and vascular tissue, the 
epidermis, hairs, and other parts of plants, the petals of flowers, 
the seeds and seed-vessels, spiral fibres, the stones of fruits, 
sections of wood, of the pith from the stem of various plants, 
pollen, the spores of ferns, mosses, and fungi, are examples of 
vegetable preparations which may be examined and preserved in 
air. ' 

Thick objects preserved in the dry way are examined by 
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reflected light only, but very thin dry tissues, like the epidermis 
from different parts of plants, may be examined by reflected or by 
transmitted light. 



BXAMIKATIOK AND PbBSERVATION OP SUBSTANCES IN AqUEOUS 

Fhtids. 

158. Examination of Substances in Fluids. — I have already 
drawn attention to the most important points to be borne in 
mind, with reference to the examination of substances in aqueous 
fluids (§ 155). In choosing a fluid in which the specimen is to 
be immersed, its chemical composition, its transparency, and its 
refractive power must be considered. The different preservative 
solutions described in Chapter III, page 68, may be used for the 
preservation of a variety of objects in fluid. If we wish for a 
fluid closely resembling water, but possessing the property of 
preserving the specimen, we may use the solution of naphtha and 
creosote (§ 102), or naphtha and water, or carbolic acid and water. 
If we require a fluid of higher specific gravity, some of the saline 
solutions, diluted with a proper quantity of water, may be used. 
If we wish for a solution which refracts highly, we may employ 
glycerine, or a mixture of glycerine and gelatine ; while, if we 
require a fluid which has the property of hardening the structure, 
we may immerse it in a solution of chromic acid, bichromate of 
potash, corrosive sublimate, or diluted alcohol. 

In all cases the substance should be immersed for some time 
in the fluid, in which it is to be preserved, before being mounted 
permanently. The cell made of Brunswick black or the thin glass 
cell, or other forms which I described in Chapter III, may be 
chosen according to the dimensions of the specimen. The object 
and fluid being placed in the cell, the thin glass cover is applied, 
with the precautions to which I shall presently advert. The 
superfluous fluid is removed with a piece of blotting paper, or a 
soft cloth, and after the edges have been allowed to dry a little; 
they are anointed with a thin layer of Brunswick black. 

Almost every organized structure, and especially the soft moist 
tissues of the bodies of animals, may be advantageously preserved 
in fluid. The solution which is employed for preserving a 
structure should resemble as nearly as possible in "density and 
refractive power, the fluid which bathed it during life. 
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169. Examination and Preservation of a Soft Tissue ; 
Uuscle — Suppose a portion of muscular fibre is to be examined 
under the microscope. A small piece may be removed with a 
pair of very fine scissors, and placed carefully upon the glass 
slide. With the aid of two needles it may be torn into very small 
shreds, and it is then to be moistened with a little water dropped 
upon it from the finger, or from a pipette, or from the wash- 
bottle ; or instead of water, a drop of serum, of syrup, or of 
glycerine may be added to it, but in this case it should be allowed 
to remain in the syrup or glycerine for some time, so that it may 
be thoroughly permeated by the more dense solution, i^ext a 
square or circular piece of thin glass held in a pair of fine forceps 
is gently breathed upon and applied to the surface of the liquid, 
being brought into contact with it, first on one side, and then 
allowed to fall down very gradually with the aid of a needle or 
piece of fine wire placed underneath one edge, until it is com- 
pletely wetted (Plate XXXVII, Fig. 174). Lastly, any superfiuous 
fluid is to be absorbed by a cloth, or a small piece of fine sponge 
or blotting paper, and the slide placed in the field of the 
microscope for examination. 

It is important to prevent the entrance of air bubbles (Plate 
XXXVI, Fig. 161) during the application of the thin glass cover, 
and if any are visible in the tissue or surrounding fluid, before it 
is applied, it will be better to wait a few minutes until they rise 
to the surface of the liquid and burst, before allowing the thin 
glass cover to fall in its place. While time is allowed for this to 
take place the specimen should be covered with a small glass 
shade to prevent dust falling upon it (Plate XXIII, Fig. 92, § 85). 

It is advisable not to remove too much of the fluid, for fear 
the thin glass should press so heavily upon the preparation, as to 
cause the several structures of which it is composed to be squeezed 
together and the specimen rendered confused. The observer will 
find it very useful to place a piece of hair or hog's bristle, between 
the thin glass and the glass slide, by which means too great 
pressure will ieffectually be prevented. The same effect is obtained 
by using a glass cell, but it wiU be found, I think, that it is more 
convenient to pursue the plan just described in the mere exami- 
nation of most tissues than to place them in a glass or other cell. 

Sometimes it is desirable to examine specimens while warm. 
This may be effected by allowing a current of heated air to 
ascend through a copper tube, a piece of glass being placed at the 
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lower part of that portion of the instrument which lies updii the 
stage. A circular hole is made in the upper surface, and dver 
this the glass slide is placed. The arrangement will be at once 
understood by reference to the drawing (Plate XXXV, Pig. 168). 
Whenever a specimen is to be preserved permanently in fluid, 
it should be immersed in the solution in which it is intended to 
remain for several hours previous to being mounted, so that it 
may be thoroughly saturated with it in every part. The fluid 
may be placed in a moderately deep cell, in a watch-glass, or in a 
cup of one of the palates used by artists, from which it may 
afterwards be removed to the slide. The thin glass having been 
applied, and all superfluous fluid removed, a thin layer of 
Brunswick black is to be carefully placed round the edge so as 
to cement the thin glass to the slide. When this is dry other 
layers are to be applied successively until the joint is considered 
quite tight. The cement adheres better to the glass-slide if it is 
roughened previously by grinding in this part, or it may be 
scratched with the writing diamond just where the cement is 
to be placed. All objects, except the very thinnest, if preserved 
permanently in fluid should be placed in a cell, because there 
is a much better prospect of their being kept permanently, than 
when placed upon the glass slide in the manner employed for 
examining the specimen temporarily. The chance of air getting 
into the cell is much diminished if the cement which is used 
possesses slight elastic power, so as to admit the alteration which 
necessarily takes place in the volume of the fluid under varia- 
tions of temperature. Mr. Brooke always adds a few drops of 
a solution of India-rubber to the Brunswick black, and this 
admirably fulfils the end in view. 

160. Examination of Villi, Adipose Tissue. Nerve Fibres. 

Several animal tissues are represented in Plate XXXII, Figs. 138 
to 145. One of the best plans to demonstate the villi, which 
project from the surface of the mucous membrane of the intestine 
is the following : — A stream of water is allowed to flow over the 
surface so as to cause the villi to fall in one direction. A clean 
cut is then made across the intestine, and the villi caused to fall 
in an opposite direction by the stream of water. When a very 
thin section is removed from the freshly cut surface, one or two 
rows of entire villi will be readily obtained. The epithelium is 
often removed by this process. Its arrangement is represented 
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Fig. 133 



Tig. 139. 




Fig. 1S8. Villi and follicles. Todd and Bowman. Fig. 139. Large flat villi of bird. Todd and 
Bowman. Fig. 140. Adipose tissue, with areolar tissue, llg. 141. An-angement of 
epithelium in a foUicle. Kg. 142. Arrangement of epithelium round a viUns. Fig. 143. 
Epithelium of a villus. Kg. 144. Nerve fibres altered by water. Fig. 145. Entozoa 
from the fQllicles of the skin. 

[To face page 94.] 
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in Kg. 142, and in Fig. 143 some of the separate ceUs are 



seen. 



A portion of adipose tissue, with the white and yellow 
elements of areolar tissue, is represented in Pig. 140. 

Nine Fibres, when examined by the usual methods, and 
especially When placed in water, become much broken up. It 
seems that the water alters the white substance of Schwann, 
which consists of soft and viscid matter, containing a large 
quantity of a peculiar form of fatty matter. Nerve fibres altered 
by water are represented in Fig. 144. 

161. Airangrement for Pressing' Down the Thin Glass Cover 

upon the Preparation while the Brunswick Black is Diying. 

There are some substances which require slight pressure to 
display their peculiarities, and it is necessary to be provided with 
an arrangement for keeping down the glass cover until the 
cement which is to fix it in its place is dry. A vei-y simple way 
of effecting this is, to place a small piece of wood, about an inch 
in height, upon the cover. This may be fixed in its place by 
passing a piece of thread over it, and tying it at the back of the 
slide ; or the wood may be kept in its place by a vulcanized 
India-rubber ring. My friend Mr. White has devised a very 
simple and ingenious apparatus for this purpose. It consists of 
a bent lever, which, by acting upon a screw, can be forced down 
upon the thin glass with the amount of pressure required. 
Another form of instrument, designed by the Rev. G. Isbell, is 
seen in Plate XXXV, Pig. 159. The slide must be allowed to 
remain until the varnish be thoroughly dry. The compressorium 
may also be employed for the same purpose, by inserting a small 
piece of cork between the thin glass to which the pressure is to 
be applied, and the glass of the compressorium itself. 

Mr. Hoblyn, of Bath ^^ Archives of Medidne," Vol. Ill, p. 140), 
has invented an ingenious arrangement for the same purpose. 
In this instrument, a number of slides may be placed at the same 
time, and a graduated pressure exerted upon them. {See, 
Plate XXXVII, Fig. 176.) 

163. Examination of Vegretable Tissues.— The examination of 
vegetable tissues is conducted upon the same general principles 
as that of animal textures. The spiral vessels of plants can in 
many instances be obtained by boiling the stem of the plant for 
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some time in water. Those of rhubarb are very large, and may 
be selected for examination. Many plants exhibit circulation in 
the cells of which they are composed, and are very favourite 
microscopic objects. 

163. Examination of the Oirctdation in the Cells of Vallis- 
neria. — Suppose we wish to examine the circulation in the cells 
of the thin leaf of the vallisneria spiralis, we may proceed as 
follows : — A small portion is cut oflF from the plant, and a very 
thin slice removed from the surface with a sharp thin knife, so 
that the cells within the leaf may be brought clearly into view. 
The manipulation to which the piece is thus necessarily subjected, 
has the effect of retarding or even of stopping the circulation for 
a time. .If, however, the section be kept for a short time in 
water it soon recommences. It is a good plan when we wish to 
exhibit specimens of this beautiful plant, to cut several sections 
of the required size, and place them in a small bottle of water in 
a warm room or in the pocket, for an hour or more before they 
are submitted to microscopical examination. 

In Plate XXXIV, Fig. 147, a branch of Anacharis alsinastrum 
is represented. It consists of long slender stems which bear a 
series of three narrow leaves of a pale green colour at intervals 
of about a quarter of an inch apart. The leaves when fuU grown 
seldom exceed a length of three-eighths of an inch. Fig. 148 
shows the irregular shape and position of the cells in one of the 
leaves of this plant. The thickness of the central part of the 
leaf is composed of two layers of such cells, but at the margin 
only one layer exists. Fig. 149 represents one of the hollow 
spines or hairs at the margin of the leaf of the anacharis. It 
appears that when the circulating corpuscles arrive near the apei 
of the spine where the cell wall is indurated, as shown by a 
brown discoloration, they do not pass quite to the apex, but are 
Invariably hurried across the cell, as seen at I in the figure. 
The three drawings above referred to have been taken from 
Mr. Wenham's paper " On the circulation in the leaf cells of 
Anacharis alsinastrum." {"Mia. Journal" Vol. Ill, p. 281.) 

In Plate XXXIV, Fig. 150, is represented a hair or spine from 
the stalk of Anchusa paniculata, one of the Boraginese. This 
is also taken from a drawing by Mr. Wenham (" Mic. Jownvil" 
Vol. Ill, 49). The mode of growth and circulation of the sap- 
corpuscles are well shown. These accumulate and gradually 



Fi^. 14t.. 



PLATE XXXIII 







Kig. 146. Small vivaria and fern case. Tig. 14,7. A branch of Anacharis alsinaBtram 
tig. 148. Cells of Anacharis, after Mr. Wenhara. Pig. 14,9. Cells and hollow spine 
or Anaclians, after Mr. Wenham. 
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PLATE XXXIV- 
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Fig. 150. Hair or spine of auchusa, showing how hard material is deposited. After Mr. "Wenliam. 
Fig- 151. Diagram to show directions of currents in cells of vallisneria. 
Fig. 162. Portion of shell of pleurosigma. After Mr. Hunt. 
Figs. 153, 154, and 155, Shells of rare diatoms. After Mr. Koper. 

Fig. 156. Portions of the egg of the common bed bug. Tiie speculum which covers the orifice 
removed. Stereoscopic drawing. After Mr. Wenham. 

[To foUow PL. XXXIIl.] 
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become converted into the tissue of whicti the spine is composed- 
Mr. Wenham well describes this process as follows : a dense 
current of corpuscles travels along one wall of the spine con- 
stantly returning by the opposite side i, b. At ii, where the 
deposition occurs, there is a considerable accumulation, and at 
the boundary where they are converted into the substance of the 
spine a number are seen to be adherent. Often in specimens of 
this plant the deposition has been so rapid that there was not 
sufficient time for the complete condensation of the component 
corpuscles. In these instances a number of them have been 
caught and loosely enclosed in one or more cavities, as shown at 
d, d. The walls of these containing cavities do not possess a 
definite outline because these are lined with corpuscles in all their 
different stages of transition. 

The course which the current takes in the cells of vallisneria, 
anacharis, <fec., is not perfectly regular, and is indicated by the 
arrows in Fig. 167, after Dr. Branson. 

If seaweed is to be preserved permanently, it should be allowed 
to soak for some time in pure water. Small pieces may then be 
removed and transferred to glycerine, in which fluid they may be 
preserved permanently after having been allowed to soak for 
some time. Some of the most beautiful vegetable preparations 
which I have seen have been mounted in glycerine. The mixture 
of gelatine. and glycerine (§ 106) and the gum of glycerine (§ 107) 
will also be found good media for mounting many vegetable 
structures, and chloride of calcium forms a useful preservative 
fluid 'in many instances. Creosote fluid, carbolic acid water, 
very dilute spirit and water, and even simple distilled water will 
preserve some vegetable tissues for a great length of time. The 
pith of the stem of various plants, the epidermis, and many other 
vegetable tissues may be preserved as dry objects very satis- 
factorily. 

164. Vivaria. — Vegetable structures and animals of various 
kinds may be kept for microscopical examination in small glass 
jars and under glass shades, which are now to be purchased at the 
glass shops in every part of London. Different forms are repre- 
sented in Plate XXXIII, Pig. 146. 



98 HOW TO WOEK 

BxAMIlfATION AND PkESEEVATION OP OBJECTS IN OaNADA 

Balsam. 

165. Examination in Canada Balsam. — This resinous sub- 
stance has long been a favourite medium for the preservation of 
microscopical specimens, on account of its penetrating and 
highly refracting powers. Turpentine possesses very similar 
properties, but from being a limpid fluid, it is far less useful than 
Canada balsam. All preparations to be mounted in Canada 
balsam must be thoroughly dried first. The desiccation must be 
effected by a temperature of not more than from 100 to 200 
degrees. For the purpose of drying tissues, we may employ the 
water-bath alluded to in § 73, or we may place the specimen 
under a bell-jar close to a basin of strong sulphuric acid or 
chloride of calcium, which substances have the power of absorbing 
moisture in an eminent degree. Many textures in process of 
drying include a number of air-bubbles in their interstices, and 
it is often very difficult to remove these. To effect this object, 
the preparation may be allowed to soak some time in turpentine, 
and the removal of the air is often much facilitated by the 
application of a gentle heat. If the air cannot be removed in 
this manner, the preparation immersed in turpentine, may be 
placed under the receiver of an air pump. As the pressure is 
removed the air rises to the surface and the fluid rushes in to 
supply its place. A convenient and simple form of air pump is 
represented in Plate XXXV, Fig. 160. 

When the specimen has been thoroughly dried, and the air 
removed, it niay be slightly moistened with turpentine before'^t 
is plJtced in the balsam. 

Oil is an advantageous highly refracting medium for examining 
certain structures in. The entozoa which may often be obtained 
from the oily sebaceous matter squeezed from the follicles of the 
skin of the nose or scalp should be immersed in oil (Plate XXXII, 
Fig. 145). They can generally be found in the wax from the 
ear. 

In mounting a thin section of bone in Canada balsam, the 
following steps are taken : the glass slide having been warmed 
upon the brass plate, a small quantity of Canada balsam is 
removed upon the end of a piece of iron wire. By gently warming 
it, it becomes perfectly fluid, and may be allowed to drop in its 
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Fig. 157. Animalcule cage for examining deposits from fluids. Fig. 158. Arrangement for heating 
un ol)ject wliile it is being examined l^'ig. 1.^9- Instrument for pn-ssing down the lliin 
glass cover while cenrent is drjing. Rev. J. Isbell. Fig. 160. Small air-pump for removing 
air from tlie interstices ol a tissue. 
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proper place upon the glass slide. Or the metal pot containing 
the Canada balsam may itself be warmed, and a drop of the fluid 
balsam placed upon the slide. The preparation is now taken 
with a needle and placed in the drop of balsam, bo that it may 
be thoroughly wetted by it in every part. Upon the surface of 
the balsam, a few air-bubbles may be observed, and by moving 
the slide from side to side, with a slight rotatory movement 
while the balsam is quite fluid, the bubbles may be seen to collect 
in one spot upon the surface. They may be made to burst by 
the application of a warm needle, or completely removed by 
touching them with a cold wire to which the balsam including 
them will adhere. All bubbles having been removed, the 
thin glass, which has been perfectly cleaned and slightly warmed 
on the brass plate, is taken in a pair of forceps, — and gently 
allowing one side of it to come in contact with the balsam, — ^is 
permitted to fall very slowly upon the specimen, in such a 
manner that the balsam gradually wets the thin glass, without 
including air-bubbles. It is then pressed down slightly with a 
needle, and the slide placed in a warm place. The super- 
abundant balsam may be scraped away, and the preparation when 
cold, cleaned with a little turpentine, and a soft cloth, or piece 
of wash-leather. 

The feet and hard parts of the fly and other insects, and 
the ova of small insects may be mounted in Canada balsam. 
The shells and hard parts of the covering of many of the 
lower animals, the palates of various moUusks, such as the 
limpet, and many fresh-water species, the coriaceous coverings of 
insects, their antennas, stings, eyes, feet, wings, and scales of 
their wings, the tracheae penetrating every part of their organism 
with their spiracles or external openings, and in some cases the 
entire insects themselves, the scales of fishes, sections of bone, 
teeth, horn, hoofs, claws, naUs, specimens of various kinds of 
hair, are examples of objects derived from the animal kingdom 
which may be mounted in this manner. 

166. Ssamination. of Hard Tissues. — Bone may be made to 
present very different characters in Canada balsam, according to 
the manner in which it is mounted. Thus, in every part of one 
specimen, small black spots of irregular shape may be seen. , 
Prom these a number of minute dark lines radiate, and inosculate 
pretty freely with corresponding lines from other spots. 

h2 
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In another no such appearance may be observable, and the 
entire section may appear clear, and its structure nearly uniform 
throughout. The first appearance is produced by mounting the 
section in old viscid balsam ; the second by its immersion in fluid 
balsam, after having been previously wetted with turpentine. 

The cause of these differences is interesting and worthy of 
attentive study. The little black spots (lacunae) and dark lines 
(oanaUculi) were originally considered to be small solid bodies, 
and the spots were improperly termed lone corpuscles. In truth, 
they consist of little cavities in the bony tissue, containing air. 
In the second specimen the highly refracting oil of turpentine 
has passed up the canaliculi and entered the lacunae, thus 
rendering them invisible. These cavities, in the fresh bone, 
contain masses of germinal matter or " nuclei," but when the 
bone becomes dry, this moist material dries up, and air rushes 
into the lacunae and canaliculi to supply its place. The great 
difierence between the refracting power of the air contained in 
these little cavities, and the osseous tissue in which they are 
contained, gives rise to their dark appearance. 

The general description given of the structure of bone applies 
only to the dead and dried tissue. 

167. Air Bulbbles in water have a very wide dark outline : 
indeed, small air bubbles take the form of round black spots. 
This appearance is very characteristic, and every observer ought 
to be thoroughly familiar with it. Air bubbles of various sizes 
are represented in Plate XXXVI, Pig. 161. 

168. Oil Olobxiles also present a peculiar and we)l-kn«wn 
appearance. The outline is sharp, and dark, and well-defined, 
but not nearly so wide as that of the air bubble, because the 
difference of the refractive power between the oil and the fluid, 
although very great, is much less than that which exists between 
the air and the fluid medium which contains it. Every one 
should compare carefully air bubbles with oil globules under the 
microscope. Oil globules within cells and free oil globules are 
seen in Plate XXXVI, Figs. 162, 166, oil globules of various sizes, 
as seen in milk, in Figs. 163, 164. Every observer should be 
familiar with the microscopical appearance of oil globules of 
different kinds. Certain kinds of fatty matter contain much 
crystalline fat, as stearine or margarin, which crystallizes 
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Fig. 161. Air bubbles of various sizes in water. Tig. 162. Oil elobules, some free, others in enve- 
lopes. "Figs. 16S and 164. Oil o;Iobu]es from milk. In some the investment of casein is 
dissolved and. they are coalescing. Pi^. 165. Bleod corpuscles. Tig. 166. Liver cells 
containing oil-globulea. In the centre la seen a collection of oil-globules not surrounded 
by any envelope. Jtig. 167. The yeast fungus in various stages of development^ after 
Dr. Hassall. Tig. 168. Crystals of stearic acid. Tig. 169. Crystals of margarine sepa- 
rating from the oily fat or elaine. Kg. 170. Crystals of margaric acid. 
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spontaneously from the more oily fatty matters. And by the 
action of acids and other agents, many fats are decomposed, and 
the crystalline fatty acids are set free. Crystals of fats and fatty 
acids, are represented in Plate XXXVI, Figs. 168, 169, 170. 

169. Blood Corpuscles or globules from the human subject, 
are represented in Plate XXXVI, Fig. 165. Their general cha- 
racters, and especially their colour and refractive power, should be 
contrasted with oil globules of different kinds, air bubbles, and 
fungi — particles of common mildew or yeast (Fig. 167) for 
instance. The student should carefully examine specimens of 
these bodies. Blood corpuscles are readily obtained by pricking 
the finger. A very thin stratum of the fluid is alone required. 
The blood corpuscles of various animals shoiild also be carefully 
examined, especially those of the &og, of some fish, and bird, 

170. Fungi. — The sporules of some fungi very closely resemble 
blood corpuscles, and have been mistaken for blood corpuscles. 
The common yeast fungus, in different stages of growth, is re- 
presented in Plate XXXVI, Fig. 167. See also my " Archives," 
Vol. II, p. 49. 



On the Sbpakatiok op Deposits from Fluids. 

In order to ascertain the nature of a deposit suspended in a 
fluid, there are two or three important but very simple processes 
to be borne in mind. The first object is to separate the deposit 
as much as possible from the surrounding fluid, to collect it into 
a small space. Diffused as it often is through a large Bulk of 
fluid, the observer would scarcely be surprised if he failed to find 
what he was looking for when a drop of the fluid was placed 
under the microscope. 

171. Conical Glasses In order to collect the deposit for 

microscopical examination, the fluid is placed in a conical glass, 
the lower portion of which is narrow, but which at the same time 
does not terminate in a point but in a slightly- rounded extremity. 
After standing for some hours, the deposit falls to the narrow 
portion of the glass, and may be removed with the pipette. A 
useful form of conical glass is represented in Plate XXXVII, 
Fig. 171. 
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17S. The Pipette consists of a glass tube, about ten inches in 
length, the upper extremity being slightly enlarged, so that the 
finger may be conveniently applied to it, and the lower orifice 
contracted, so as to be about one-tenth of an inch in diameter- 
It is convenient to have a ridge around the glass tube, about 
three inches from its upper extremity (Plate XXXVII, Pig. 172). 

173. Bemoving' the Deposit with the Pipette. — The removal 
of the deposit is exceedingly simple. The pipette is held by 
the middle finger and thumb, while the index finger is firmly 
applied to its upper extremity. The point is next plunged 
beneath the surface of the fluid and carried down to the deposit, 
a portion of which will rush up the tube if the pressure of the 
finger upou the upper extremity be slightly diminished. The 
deposit having entered the tube, the pressure is re-applied, and 
the deposit contained in the pipette can be removed from the 
fluid (Pig. 171). 

174. Separation of Deposit when very Small in Quantity. 
— Where the. deposit is exceedingly small in quantity^ and 
diffused through a great bulk of fluid, a slight modification of 
the above plan must be resorted to. The pipette containing as 
much of the deposit as can be obtained, is removed from the 
glass vessel containing the fluid. Its contents are prevented 
from escaping by the application of the finger to its lower orifice. 
The upper extremity is then occluded with a small cork. 
Upon now removing the finger from the lower orifice, of course 
no fluid will escape. , The pipette is allowed to stand with its 
mouth downwards upon the glass slide, in which position it may 
be permitted to remain some hours, either being suspended with 
a string or allowed to lean against some upright object. It is 
obvious that under these circumstances the most minute deposit 
contained in the fluid will gravitate to its lower part, and be 
received upon the slide, without the escape of much of the fiuid. 
Or the sediment, having been allowed to subside in a conical 
glas?, may be poured into a very narrow test tube. Upon a glass 
slide being applied to the open end, the tube may be inverted 
and the deposit will gradually be deposited upon the slide. The 
arrangement will be understood by reference to Pig. 175. 

According to either of the above methods any insoluble sub- 
stances diff'used through fluids can be easily collected for the 
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purposes of examination. In oplleoting shells of the diatomacese 
for microscopical examination they are often diffused through a 
considerable quantity of water, allowed to subside, and obtained 
in the manner above described. 

Siliceous shells of certain diatoms are represented in Plate 
XXXIV, Figs. 152, 153, 154, 155. There is much difference of 
opinion as to the cause of the markings in many of these. 
Mr. Hunt considers the dots on pleurosigma represented in 
■ Fig. 152, as elevations not depressions (" Mic. Jowrn." Vol. Ill, 
p. 17S). 

175. Examination of Infasoria, Sec. — Suppose the student 
desires to submit some of the animalcules in water to micro- 
scopical examination, he would proceed as follows. A drop of 
the water must be removed with a pipette, or upon a glass rod, 
or with the finger, and placed upon the glass slide. A bristle or 
thin piece of paper is placed in such a position as to prevent the 
thin glas? from coming into too close 'contact with the slide ; or 
the drop may be placed in a Brunswick black, or thin glass cell ; 
or the animalcule cage previously described (Plate XXXV, Fig. 
15V, Plate XI, Fig. 32) may be used with advantage. ?y the 
latter instrument the larger infusoria may be kept still in a 
particular position for the purposes of examination. 

176. VorticellsB and Rotifers, or wheel-animalcules, may often 
be obtained by placing a small piece of a plant which has been 
allowed to remain in the same water for some time, with a drop 
of the fluid, in a glass ceU, observing the precautions before 
alluded to (§ 159). These organisms are often found attached 
to the edges of the plant in considerable number. 

177. Zoophytes. — Fresh-water and marine Zoophytes, too 
large to be placed in the small cells, may be examined in flat 
watch glasses, or in one of the larger cells alluded to in § 128. 

These may be examined with low powers (two inch, one inch) 
without any thin glass cover, but where the higher powers are 
employed a piece of thin glass must be applied in such a manner 
as to cover that part of the vessel in which the animals are 
situated, without preventing a certain proportion of the fluid 
from being exposed to the air ; for if exposure to the air were 
prevented, the animals would soon exhaust all that dissolved in 
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the small quantity of water iu which they were imprisoned, and 
die of suffocation. 

178. On Separating: the Coarse from, the Finer Particles of 
a Deposit. — Many deposits, by being diffused through a large 
quantity of *ater, may be divided into several portions. The 
fluid, with substances suspended in it, is well stirred, and, after 
being allowed to stand for a very short time, all but the deposit 
is poured off into another vessel. In this the fluid is again 
allowed to stand for a short time., and again poured off. This 
process may be repeated several times. In the first glass, only 
the coarser particles will be found ; in the second, slightly finer 
particles ; in the third, still finer ones, and so on ; a longer period 
being allowed for the subsidence in each successive case. 

The coarse particles may also often be separated from finer 
ones by straining the deposit through muslin. Various preser- 
vative solutions, which I have already described, are applicable 
for preserving deposits from fluids. Many, again, may be 
mounted in Canada balsam. 

179. SEethod of obtaining' the Siliceous Skeletons of Lower 
Organisms. — The siliceous remains of the diatomaceas may be 
separated from guano and other deposits as follows. The 
organic matter and carbonate and phosphate may be removed 
by boiling in nitric acid, and the remaining deposit diffused 
through water and collected as before described, but I much 
prefer to destroy the organic matter by burning the deposit in 
a platinum basin, and allowing it to remain for some hours at 
a red heat until the black carbonaceous matter has burnt ofi; 
leaving a pure white ash. The phosphates and carbonates may 
be removed with dilute nitric acid, and the deposit washed. In 
this way the shells are not so liable to be broken as they are when 
the deposit is boiled for some time in strong acid. 

180. TVash-bottle. — In many operations the wash-bottle used 
by chemists is of great use, as by it a stream of water of any 
required degree of force can be easily directed to any particular 
point, either for the purpose of washing away foreign particles, 
or for removing part of the deposit itself. The wash-bottle is 
also of great use in preparing sections of soft tissues for observa- 
tion. It is made by inserting a cork into an ordinary half-pint 
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Fig. 171. Illustrates the mode of using the pipette. 

rig. 172. Pipettes made of glass tubing. 

Kg. 17s. Wash bottle. 

Fig. 174. To illustrate the manner in which the thin glass is allowed to fall gradually upon 

an object mounted in fluid. 
Fig. 17s. Shows the manner in which a very small quantity of deposit may he obtained 

from a fluid, by placing it in a test tube, and inverting it over the glass slide. It is 

kept in position oy an India-rubber band shown in the drawing. 
Fig. 176. Arrangement for exerting continued pressure upon the glass cover while cement 

is drying. 
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bottle. Thvough the cork- pass two tubes, bent at the proper 
angle. The longest terminates in a capillary orifice, while its 
other extremity reaches down to the bottom of the bottle. The 
shorter tube reaches only to the lower part of the cork (Plate 
XXXVII, Sig. 173). By blowing through the shorter tube, air 
is made to press upon the surface of the water, which is thus 
driven up the longer tube and out at its capillary orifice. 

The observer will also require a stock of small tubes, about two 
inches in length and a quarter of an inch in diameter, and 
several small watch glasses, of different sizes. 

181. Of Eeeping: Preparations in the Oabinet. — Preparations 
mounted in the dry way, or in Canada balsam, may be kept 
upright, arranged in grooves, but all preparations mounted in 
fluid must be allowed to lie perfectly flat, otherwisethere will be 
great danger of leakage. Cabinets holding several hundred 
specimens arranged in this manner may now be purchased of the 
microscope makers for a very small sum, but if the observer is only 
provided with deep drawers, they may be made available for the 
purpose, by having a number of shallow trays made to fit them 
accurately. Bach preparation should be named as soon as it is 
put up, and it is convenient to keep a number of small gummed 
labels always at hand for this purpose. Once or twice in the year 
a new layer of Brunswick black should be applied, and the 
specimens carefully examined to see that no leakage has 
occurred. 
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CHAPTER VII. 

Op lNJi!CTisra. — UTafwal and Artificial Injections — Tram- 
parent and Opaque Injections — Instruments required for 
maTd/ng Injections — Syringe, Pipes, Stop-cocks, Bull's-nose 
Mreeps, Beedle for passing the Thread roimd the Vessel. 
Os Opaque Iistjections. — Injecting Cams — Size — Colowr- 
mg Matters — Vermilion — Chromate of Lead — White 
liead — Size of the Particles of the Colouring Matter used. 
Of Teanspaeent Ikjections. — Injecting mth Plain 
Size — Colouring Matters — Gerlach's Carmine Injecting 
Fluid. — Advantages of employing Prussian Blue — Com- 
position of the Prussian Blue Fluid for making Trans- 
parent Injections — On injecting different Systems of Vessels 
with Opaque and Transparent Injections — Acid Carmine 
Fluid ^ Mercurial Injections. Injecting the Lowee 
AjsriMAis. — Mollusca — Insects. On the Peactical Ope- 
EATION OF Is-JECTioir. — Of Injecting the Ducts and 
Secreting Follicles of Glands — Of preparing Portions of 
Injected Preparations for Microscopical Fxamination. 

The arrangement of the minute vessels or capillaries dis- 
tributed to various textures is not to be demonstrated in all 
instances by the usual methods of investigation, in consequence 
of the transparency of the walls of the tubes. Indeed, in an 
ordinary examination of a tissue in the miscroscope, one often 
fails to detect the least trace of any structure which would be 
regarded as consisting of distinct tubes or vessels. Some autho- 
rities even yet maintain the opinion, that the capillaries are to 
be looked upon in the light of mere channels in the interstices of 
the tissues, rather than as tubes, with their own proper walls. 
If this opinion were correct we should hardly expect to meet 
with the perfectly circular outline which the section of an 
injected capillary vessel frequently presents ; nor should we be 
able to obtain capillaries isolated from other tissues. 
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182. Xatural and Artificial Injections. — Sometimes the ca- 
pillary vessels remain turgid with blood after the death of the 
animal, and a natural injection results. Natural injections, 
however, are accidental and cannot be obtained in the case of 
every texture. In order, therefore, to investigate the arrange- 
ment of the vessels, it is necessary to resort to the process of 
artificial injection, which consists simply of forcing into a vessel 
of convenient size a certain quantity of coloured material, whichj 
after passing along the large trunk, shall penetrate into the 
smallest vessels and even return by the veins. The colouring 
matter employed may be opaque or transparent. In the first case 
the injected preparation can only be examined by refected light 
as an opaqve object (§ 23), while transparent injections may be 
subjected to examination either by the aid of transmitted light 
(§ 30), or by reflected light. Examples of opaque and transparent 
injections in which different substances have been employed as 
colouring matters, can be purchaised at all the microscope makers, 
but every student is recommended to prepare injected prepara- 
tions himself.* 

183. Instruments reanired for Uaking' Injections. — The dif- 
ferent instruments required for making artificial injections are 
the following : — An injecting syringe, of about the capacity of one 
ounce or even half an ounce (Plate XXXVIII, Fig. 184). The 
piston of the injecting syringe should be covered with two pieces of 
leather, which may be very easily removed and replaced (Fig. 179). 
The first piece, a, is applied and screwed down with a brass 
button, h. The piston is then passed down the tube and forced 
out at the lower opening. The second piece of leather, c, is then * 
put on, and fixed in its place with another button, e. In the 
syringes now made for me by Mr. Matthews, the piston consists 
entirely of metal. I have found syringes of this description 
work exceedingly well, and the necessity for re-leathering is 
obviated, but they are rather expensive. 

Pi'pes, of diflforent sizes, to insert into the vessels (Fig. 182). 
The tubes of the smaller pipes should be made of silver. 
Corhs, of the form represented in Fig. 177, for the purpose of 

* ■'^■."Z* beautiful injections are made by Mr. Hett, Mr. Eainey, Mr. Nor- 
man, Mr. Webb, pf Birmingham; and injections of every kind maybe 
purchased of Mr. Matthews, Messrs. Smith and Beck, and others. 
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J'ig. 177. Corks for stopping the pipe wiien the syringe is being refilled. Fig. 178, BuU's-nose 
forceps for closing an open vessel to prevent the escape of the injection. Tig. 179. Shows 
the manner in which the piston of the syringe ia made, a, c, pieces of leather. Fig. 180. 
Injecting can for heating size. It may also he used as a water bath for drying objects, or 
for conducting evaporation, Fi^. 181. Performing the operation of injecting. Fig. 182. 
Stopcock and injecting pipe, whicli fit on to the syringe. Fig. 183. I^eedle for passing thread 
round a vessel, the cut end of which is to be tied on an injecting pipe. Fig. 184. Syringe 
for injecting small animuls, &c. 
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plugging the pipes while the syringe is being filled with injecting 
fluid. A stopcock (Fig. 182), is also useful for the same purpose. 

Forceps, of the form shown in Fig. 178, which are known to 
surgical instrument makers as hulVs nose forceps, for stopping up 
any vessels through which the injection may escape accidentally. 

A Needle, of the form of the aneurism needle used by surgeons, 
for passing the thread round the vessel to tie it to the pipe which 
is inserted into it (Fig. 183). This needle may be made of an 
ordinary darning needle which has been carefully bent round 
after having been heated in the flame of a lamp. The thread 
which is used should be strong but not too thin, as there would 
be danger of its cutting through the coats of the vessel. 



Of Opaque Injections. 

Although, as a means of making out new points in the structure 
of living beings, I feel sure that the old system of injection is 
useless — as some may desire to prepare specimens, I leave the 
directions for making these injections in this edition. The 
observer must, however, not suppose that he will be able to add to 
our knowledge, however great an adept he may be at this difficult 
process. To make a perfect vermilion injection, requires skill 
that any one may be proud to possess, but all that was to be 
made out by the process has probably been discovered already. 

184. Injecting: Cans. — Size or gelatine is used as the 
material in which the coloring matter is suspended. It must be 
melted in a water-bath and strained immediately before use. 
The copper injecting can forms a very convenient arrangement 
for melting the gelatine. There are five cans in the bath, seen 
in Fig. 180, Plate XXXVIII, so that injection may be very con- 
veniently transferred from one into the other, while all may be 
kept warm over an ordinary lamp. 

185. The Size should be of such a strength as to form a 
tolerably firm jeUy on cooling. If gelatine is employed it must 
be soaked for some hours in cold water before it is warmed. 
About an ounce of gelatine to a pint of water will be sufficiently 
strong, but in very hot weather it is necessary to add a little 
more gelatine. It must be soaked in part of the cold water until 
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it swells up and becomes soft, when the rest of the water, made 
hot, is to be added. Good gelatine for injecting purposes may 
be obtained for two shillings a pound. 

186. Coloring: Hatters. — The most usual coloring matters em- 
ployed for making opaque injections are the following — Vermilion, 
Chromate of Lead, and White Lead. Of these, vermilion affords 
the most beautiful preparations, but chromate of lead properly 
prepared is much cheaper, and it may be obtained in a state of 
more minute division. White lead forms a good coloring matter, 
but its density, and its tendency to become brown when exposed 
to the action of sulphuretted hydrogen, formed in the decomposi- 
tion of the tissues, are objections to its use. 

187. "Vermilion of sufficiently good quality can be purchased 
of all artists' colormen for six or eight shillings a pound. If 
upon microscopical examination a number of very coarse-particles 
be found in the vermilion, it will be necessary to separate these 
by washing in water in the manner described in § 178. 

188. The Chromate of Iiead is prepared by mixing cold 
saturated solutions of acetate of lead and bichromate of potash. 
The yellow precipitate is allowed to settle, and after pouring off 
the clear solution of acetate of potash resulting from the 
decomposition, it is shaken up with water, again allowed to 
settle and mixed with strong size or gelatine. After being 
strained through muslin the mixture may be injected into the 
vessels. 

189. The Carbonate of Iiead or White Iiead is prepared by 
mixing saturated solutions of acetate of lead and carbonate of 
soda. The precipitate is to be treated as the former one and 
mixed with size. 

There should always be plenty of coloring matter in the size, 
otherwise the vessels do not appear to be uniformly filled, and it 
is better to employ a small syringe rather than a large one, as 
there is not so much chance of the coloring matter separating 
from the size before the mixture is forced into the vessels. In 
all cases the colouring matter is to be well mixed with the size 
and the mixture strained through muslin immediately before 
use. 
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Colouring matter «aedfor H^cting, aliowmg tlie comparative size of the particles, a. Precipitated 
chalk purchased in a d^ state, b. Chalk recently precipitated, c. Wliitemng. d. Prussian 
blue, as purchased. «. Recently precipitated Prussian blue. /. Freshly precipitated carbonate 
of lead. ff. Dried carbonate of lead. A. Freshly precipitated biniodide of mercury, i. Dried 
biniodide of meroury. k. Indigo, l. Vermilion, as purchased, m. Levigated vermilion. 
JO. Pure carmine, n. Dried ^diromate of lead. r. ireshly precipitated cnromate of lead 
(hot solutions of bichromate of potash and acetate of lead), o. Freshly precipitated chromate 
of lead (cold solutions), q. LampWack. x 215. 
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190. Size of the particles of the Coloringr matter used. — ■ 
The size of the ultimate particles of the different substances 
employed in making opaque injections is represented in Plate 
XXXIX, and if the different figures be compared with one another, 
it will be observed that those ' coloring matters which have been 
recently prepared are in a much more minute state of division 
than those which have been kept for some time. The appearances 
represented were obtained by examination with a power of 
215 diameters. 

Opaque injections are represented in Plate XL, Figs. 186, 187, 
the latter being an injection of capillary vessels. 



Dp Transparent Injections. 

191. Advantai:es of Transparent Injections. — For many 
years I have abandoned the old plan of making injected prepa- 
rations in favour of such transparent injecting fluids as are 
misoible with water in all proportions, which besides the coloring 
matter contain solutions which exert a preservative action upon 
the tissue with which they come in contact, or a special influence 
in rendering certain elements of the tissue more transparent or 
opaque. By this new plan of injection most important advantages 
are gained. 

1. The vessels are injected with coloring matter. 

2. The tissues are preserved from decomposition or change by 
the action of the fluids of the body which are washed out by the 
injection. 

3. Certain tissues may be rendered more distinct. 

4. Every structural element of the tissue can be seen as weU as 
the vessels. 

5. Tissues prepared by this process can be subjected to 
examination, by powers magnifying more than 5,000 diameters. 

6. All tissues may be mounted in aqueous preservative solu- 
tions, and the most delicate structures are retained in their 
integrity. 

7. By this process of injection alone can the alteration of the 
most delicate tissues, which occurs very soon after death, be pre- 
vented. 

It will be seen that several important principles are involved 
in this new process, which will be more fully enunciated in 



112 HOW TO WOBK 

Chapter X. Of late years carinine fluid has been much used for 
transparent injections, especially in Germany ; but although 
many of these specimens are very beautiful, I am not aware that 
many new facts have been revealed by the process. As the 
specimens are mounted in balsam, the structure of the tissues 
external to the vessels is completely lost. I would again strongly 
urge that all that is to be learnt by such modes of preparation, 
has already been learnt, and that for more minute investigation 
it is absolutely necessary that the tissue be prevented from 
undergoing post mortem change, and that it be preserved in 
viscid aqueous fluids. Drying the tissue destroys the structure, 
and the only mode of preparation by which injected textures can 
be subjected to examination by the highest powers, and by which 
all the several structures entering into their composition can be 
displayed in the same specimen, is that which I am advocating 
in conjunction with the staining process described in Chapter X. 
In order to inject the vessels for examination by transmitted 
light several different substances may, however, be used as 
injecting fluids ; but if it is desired to study the tissues as well 
as the arrangement of the vessels, the points just adverted to 
must be borne in mind. 

193. Injection with Plain Size. — A tissue which has been 
injected with plain size, when cold is of a good consistence for 
obtaining thin sections, and many important points may be 
learned from a specimen prepared in this manner which would 
not be detected by other modes of preparation, A mixture of 
equal parts of gelatine and glycerine is, however, much to be 
preferred for this purpose, and the specimen thus prepared i« 
sure to keep well. Very thin sections of spongy tissues like the 
lung may be made after injection with strong gelatine. 

194. Coloring: Matters for Transparent InjectionB. — The 
chief coloring matters used for making transparent injections 
are carmine and Prussian him. The former may be prepared by 
adding a little solution of ammonia (liquor ammonise) to the 
carmine, and diluting the mixture until the proper colour is 
obtained, or it may be diluted with size. The latter by adding a 
persalt of iron to a solution of ferrooyanide of potassium. 

195. Oerlach's Oarmiae Injectlngr Fluid — ^Prof. Gerlach was 
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the first who used a carmine injecting fluid. The beautiful 
carmine injections now made in Germany are prepared with this 
fluid, or a slight modification of it. I take the receipt from the 
excellent work of Dr. Frey (" Bos Mihroshop," 1863). 

Carmine 77 grains. 

Water 70 grains. 

Liquor Ammonise .... 8 drops. 

The carmine is to be dissolved in the ammonia arid water, and 
the solution left for some days exposed to the air, and then mixed 
with pure gelatine, made by dissolving a drachm and a-half of 
good gelatine in a drachm and three quarters, of water. Lastly, 
a few drops of acetic acid are added to the mixture, which is 
injected warm. 

Dr. Carter recommends the following carmine injection (my 
"Archives," Vol III, page 288) :— 

Pure Carmine 1 drachm. 

Liq. Ammon. fort. . ... 2 drachms. 

Glacial Acetic Acid .... 1 drachm 26 minims. 

Solution of Gelatine (1 to 6 of water) . 2 ounces. 

Water 1^ ounces. 

Dissolve the carmine in the solution of ammonia and water, and 
filter if necessary. To this add an ounce and a half of the hot 
solution of gelatine, and mix thoroughly. With the remaining 
half ounce of gelatine solution mix the acetic acid, and then drop 
this little by little into the carmine solution, stirring briskly 
during the whole time. 

196. Advantagres of Employing' Frussian Blue. — The 
Prussian hhie fluid consists of an insoluble precipitate, so minutely 
divided, that it appears like a solution to the eye. The particles 
of freshly prepared Prussian blue are very much smaller than 
those of any of the coloring matters employed for making opaque 
injections. For many years I have employed Prussian blue as 
the injecting fluid, and according to my experience it possesses 
advantages over every other coloring matter. It is inexpensive, 
— may be injected cold, — the preparation does not require to be 
warmed, — no size is required, — it penetrates the capillaries 
without the necessity of applying much force, — it does not run 
out when a section is made for examination, — neither do any 

I 
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particles which may escape from the larger vessels divided in 
making the section, adhere to it and thus render the section 
obscure, — a structure may be well injected with it in the course 
of a few minutes. Specimens prepared in this manner may be 
preserved in any of the ordinary preservative solutions, or may 
be dried and mounted in Canada balsam (but I give the pre- 
ference to glycerine, § 100, or glycerine jelly, § 106), and they, may 
be examined with the highest magnifying powers. After having 
tried very many methods of making this preparation I have found 
the following one to succeed well. For very fine injections the 
mixture may be diluted by adding three ounces of glycerine. 

Gomposition of the PrusdanBlw Fluid for MaUng Transpa/revi 
IfijectioTis : — 

Glycerine 2 ounces. 

Wood naphtha, or pyroacetic spirit . . 1^^ drachms. 

Spirits of wine 1 ounce. 

Ferrocyanide of potassium . . .12 grains. 
Tincture of sesquichloride of iron . . 1 drachm. 
Water 3 ounces. 

The ferrocyanide of potassium is to be dissolved in one ounce 
of the glycerine, and the tincture of sesquichloride of iron added 
to another ounce. These solutions should be mixed together very 
gradually, and well shaken in a bottle. The iron being added to 
the solution of the ferrocycmide of potassium. When thoroughly 
mixed, these solutions should produce a dark blue mixture, in 
which no precipitate or flocculi are observable. Next, the 
naphtha is to be mixed with the spirit, and the water added.very 
gradually, the mixture being constantly shaken in a large, 
stoppered bottle. The tincture of sesquichloride of iron is recom- 
mended because it can always be obtained of nearly uniform 
strength. It is generally called the muriated tincture of iron, 
and may always be purchased of druggists. In cases in which a 
very fine injection is to be made for examination with the highest 
powers, half the quantity of iron and ferrocyanide of potassium 
may be used. 

Mr. Richardson recommends Tumbull's blue instead of Prussian 
blue. Protosulphate of iron and ferrocyanide of potassium are 
the salts, to be used. The mixture is made with glycerine upon 
the same principles as my own fiuid. Mr. Richardson states that 
the colour of the Tumbull's blue is brighter, and is retained 
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longer than is the case with the Prussian blue. The latter does 
not, however, lose its colour if a little free acid is present in the 
fluid in which the specimen is preserved. I have many specimens 
injected with Prussian blue, which have retained their colour 
perfectly for more than ten years. The advantage of the Prussian 
blue over other fluids is, that the ingredients required to make 
it are very cheap, and can be readily obtained everywhere. 
Capillaries injected with Prussian blue fluid under high magni- 
fying powers are represented in Plates XXVIII, XL. 

I would most earnestly recommend all who are fond of injecting 
to employ transparent injections, and to endeavour by trying 
various transparent coloring matters, to discover several which 
may be employed for this purpose, for I feel sure that by the use 
of carefully prepared transparent injections, many new points in 
the anatomy of tissues will be made out. 

197. Of Injectmgr Different Systems of Vessels with different 
Opaque Injections — It is often desirable to inject different 
systems of vessels distributed to an organ with different colours, 
in order to ascertain the arrangement of each set of vessels and 
their relation to each other. A portion of the gall-bladder in 
which the veins have been injected with white lead, and the 
arteries with vermilion, forms a beautiful preparation. Each 
artery, even to its smallest branches, is seen to be accompanied 
by two small veins, one lying on either side of it. A beautiful 
injection of the gaU-bladder is represented in Plate XL, Fig. 186. 

In an injection of the liver, four sets of tubes may be injected 
as follows: — The artery with vermilion, the portal vein with 
white lead, the duct with Prussian blue, and the hepatic vein 
with lake. There are many opaque coloring matters which 
may be employed for double injections. 

198. Of Injecting: Different Systems of Vessels with Trans- 
parent Injections The transparent iniecting fluids which may 

be used for double injections, must have the same reaction. Thus 
the Prussian blue fluid, and the carmine solution without 
gelatine, given below, may be used for this purpose ; but I have 
not yet been able to obtain other colours which answer so well as 
these. Good transparent yellow and green aci^ injecting fluids 
which might be used for double injections in cases in which the 
Prussian blue fluid was employed, are much to be desired. 

I 2 
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199. Acid Carmine Fluid After trying a great many different 

combinations, I arrived at the following, which answers the 
purpose exceedingly well ; — 

Carmine 5 grains. 

Glycerine, with about eight or ten 1 

drops of acetic or hydrochloric > J ounce. 

acid j 

Glycerine 1 » 

Alcohol 2 drachms. 

Water 6 „ 

Ammonia, a few drops. 

Mix the carmine with a few drops of water, and when well 
incorporated, add about five drops of liquor ammonioe. To this 
dark red solution, about half an ounce of the glycerine is to be 
added, and the whole well shaken in a bottle. Next, very 
gradually, pour in the acid glycerine, frequently shaking the 
bottle during admixture. Test the mixture with blue litmus 
paper, and if not of a very decidedly acid reaction, a few drops 
more acid may be added to the remainder of the glycerine, and 
mixed as before, lastly, mix the alcohol and water very gra- 
dually, shaking the bottle thoroughly after adding each successive 
portion, till the whole is mixed. This fluid, like the Prussian 
blue, may be kept ready prepared, and injections may be made 
with it very rapidly. 

800. mercurial Injections are not much used for microscopical 
purposes although mercury was much employed formerly for 
injecting lymphatic vessels and the ducts of glandular organS. 
The pressure of the column of mercury supersedes the necessity 
of any other kind of force for driving it into the vessels. The 
mercurial injecting apparatus consists of a glass tube, about half 
an inch in diameter and twelve inches in length, to one end of 
which has been fitted a steel screw to which a steel injecting 
pipe may be attached. The pipes and stopcocks must be made 
of steel, for otherwise they would be destroyed by the action of 
the mercury. 

201. Injecting the Lower Animals — The vessels of fishes are 
exceedingly tender, and require great caution in filling them. 
It is often difficult or quite impossible to tie the pipe in the 
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vessel of a fish, and it will be generally found a much easier 
process to out oflF the tail of the fish, and put the pipe into the 
divided vessel which lies immediately beneath the spinal column. 
In this simple manner beautiful injections of fish may be made. 
In many cases, in which the vessels are too delicate to be tied, 
a good injection may be made by simply placing the pipe in the 
vessel. As the fluid is so cheap, a considerable loss is of no 
importance, 

802. Ilollusca. — (Slug, snail, oyster, &c.). The tenuity of the 
vessels of the moUusca often renders it impossible to tie the pipe 
in the usual manner. The capillaries are, however, usually very 
large, so that the injection runs very readily. In different parts 
of the bodies of these animals are numerous lacunse or spaces, 
which communicate directly with the vessels. Now, if an open- 
ing be made through the integument of the muscular foot of the 
animal (as the snail), a pipe may be inserted, and thus the vessels 
may be injected from these lacunae with comparative facilityi 

803. Insects.' — Injections of insects may be made by forcing 
the injection into the general abdominal cavity, whence it passes 
into the dorsal vessel and is afterwards distributed to the system. 
The superfluous injection is then washed away, and such parts 
of the body as may be required, removed for examination. 



The Process op Injecting. 

204. Of the Practical Operation of Injecting. — It is generally 
stated that a successful injection cannot be made until the 
muscular rigidity which comes on shortly after death, and 
which afiects the muscular fibres of the arteries as well as those 
of the muscles themselves, has passed off ; but I have found that 
most perfect injections may be made before the muscles begin to 
contract, that is, within a few minutes after the death of the 
animal. All my fine injections have been made less than five 
minutes after death. 

The steps- of the process of transparent injection are very 
similar to those taken in making the opaque injections, except 
that when size is employed, the specimen must be placed in 
warm water until warm through, otherwise the size will solidify 
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in the smaller vessels and the further flow of the injecting fluid 
will be prevented. Soaking for many hours is sometimes 
necessary for warming a large preparation thoroughly, and it 
is desirable to change the water frequently. The size must also 
be kept warm, strained immediately before use, and well stirred 
up each time the syringe is filled. 

In the first place the following instruments must be conve- 
niently arranged : — 

The syringe thoroughly clean and in working order, with pipes, 
stopcock and corks. 

One or two scalpels. 

Two or three pair of sharp scissors. 

Dissecting forceps. 

Bull's nose forceps. 

Curved needle threaded with silk or thread, the thickness of 
the latter depending upon the size of the vessel to be tied. 

Wash-bottle. 

Injecting fluid in a small vessel. 

Suppose the student is about to inject a frog. An incision is 
made through the skin, and the sternum divided in the middle 
line with a pair of strong scissors ; the two sides may easily be 
separated, and the heart is exposed. Next the sac in which the 
heart is contained (pericardium) is opened with scissors and the 
fleshy part of the heart seized with the forceps ; a small opening 
is made near its lower part, and a considerable quantity of blood 
escapes from the wound — this, is washed away carefully by the 
wash-bottle (§ 180). Into the opening — the tip of the heart 
being still held firmly by the forceps, — a pipe is inserted 
and directed upwards towards the base of the heart to th§ 
point where the artery is seen to be connected with the muscular 
substance. Before the pipe is inserted, however, a little of the 
injecting fluid is drawn up so as to fill it, for if this were not done, 
the air contained in the pipe would necessarily be forced into the 
vessels, and the injection would fail. 

The point of the pipe can with very little trouble be made to 
enter the artery. The needle with the thread is next carried 
round the vessel and the thread seized with forceps, the needle 
unthreaded and withdrawn, or one end of the thread may be 
held firmly, while the needle is withdrawn over it in the opposite 
direction. The thread is now tied over the vessel, so as to 
include the tip of the pipe only, for if the pipe be tied too far up 
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there is great danger of its point passing through the delicate 
coats of the vessel. 

The nozzle of the syringe, which has been well washed in warm 
■water before conlmencing, is now plunged beneath the surface of 
the fluid, the piston moved up and down two or three times, so 
as to force out the air completely, and the syringe filled with fluid. 
It is then connected with the pipe, which is firmly held by the 
finger and thumb of the left hand, with a screwing movement, 
a little of the injection being first forced into the wide part of the 
pipe so as to prevent the possibility of any air being included. 

The pipe and syringe being still held with the left hand, the 
piston is slowly and gently forced down with a slightly screwing 
movement with the right, care being taken not to distend the 
vessel so as to endanger rupture of its coats. The handle of the 
syringe is to be kept uppermost, and the syringe should never be 
completely emptied, in case of a little air remaining, which would 
thus be forced into the vessel (Fig. 181, Plate XXXVIII). The 
injection is now observed running into the smaller vessels in 
different parts of the organism. 

The student is recommended to practise the process by 
injecting the organs affd^tmimals in the order in which they are 
enumerated, and not to attempt the second until he has succeeded 
with the first. In all cases the operation is to be conducted 
patiently, and very slight pressure on the piston is to be exerted. 

1. Kidneys of sheep or pig. — Artery. 

2. Bye of ox. — Artery. — Two or three minutes will be time 
enough to make a complete injection. If the globe becomes very 
much distended by the injecting process, an opening must be 
made in the cornea which will leave room for the injection and 
permit the complete distension of the vessels. 

3. Bat, mouse, frog. — Injected from, the aorta. 

4. Portion of intestine. — Branch of artery. All divided vessels 
being tied before commencing to inject. Plate XL, Fig. 189. 

5. Liver. In one part, a branch of duct ; in a second, a branch 
of artery ; in a third, ^ortaZ win; and in a fourth, hepatic vein. 
The portal and hepatic vein, the artery and portal or hepatic 
vein, or the duct and portal vein may be injected with injections 
of difierent colours in one part. 

205. Of Injecting the Ducts of Glands The modes of in- 
jecting which have just been considered, although applicable to 
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the injection of vessels, are not adapted for injecting the ducts 
and glandular structure of glands ; for as these ducts usually 
contain a certain quantity of the secretion, and are always lined 
with epithelium, it follows that when we attempt to force fluid 
into the duct, the epithelium and secretion must he driven 
towards the secreting structure of the gland, which is thus 
eflfectually plugged up with a colorless material, and there is no 
possihility of making out the arrangement of the parts. In such 
a case it is obviously useless to introduce an injecting fluid, for 
the greatest force which could he employed would be insufficient 
to drive the contents through the basement membrane, and the 
only possible result of the attempt would be rupture of the thin 
walls of the secreting structure and extravasation of the contents. 
As I have before mentioned, partial success has been obtained 
by employing mercury, but the preparations thus made are not 
adapted for microscopical observation. 

I had long felt very anxious to inject the ducts of the liver in 
order to ascertain the manner in which they commenced in the 
lobule, and the precise relation which they bore to the liver cells. 
This has long been a point of dispute among microscopical 
observers, and many different and incompatible conclusions have 
been arrived at by different authorities. In order to prove the 
point satisfactorily it was obviously necessary to inject the ducts 
to their minute ramifications, which no one, as far as I was able to 
ascertain, had succeeded in doing satisfactorily. After death the 
minute ducts of the liver always contain- a little bile. No force 
which can be employed is sufficient to force this bUe through the 
basement membrane, for it will not permeate it in this direction. 
When any attempt is madft to inject the ducts, the epitheliuBft 
and mucus, in their interior, form with the bUe an insurmountable 
barrier to the onward course of the injection. Hence it was 
obviously necessary to remove the bile from the ducts before one 
could hope to make a successful injection. It occurred to me, 
that any accumulation of fluid in the smallest branches of the 
portal vein or in the capillaries, must necessarily compress the 
ducts and the secreting structure of the liver which fill up the 
intervals between them. The result of such a pressure would be 
to drive the bile towards the large ducts and to promote its 
escape. Tepid water was, therefore, injected into the portal vein. 
The liver became greatly distended, and bile, with much ductal 
epithelium, flowed by drops from the divided extremity of the 
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duct. The bile soon became thinner owing to its dilution with 
water which permeated the intervening membrane, and entered 
the ducts. These long narrow highly tortuous channels were 
thus effectually washed out from the point where they com- 
menced as tubes not more than l-3000th of an inch in diameter, 
to their termination in the common duct, and much of the 
thick layer of epithelium lining their interior was washed out at 
the same time. The water was removed by placing the liver in 
cloths with sponges under pressure for twenty-four hours or 
longer. All the vessels and the duct were then perfectly empty 
and in a very favourable state for receiving injection. The duct 
was first injected with a colored material. Freshly precipitated 
chromate of lead, white lead, vermilion, or other colouring 
matter may be used, but for many reasons to which I have 
alluded, the Prussian blue injection is the one best adapted for 
this purpose. It is the only material which furnishes good 
results when the injected preparations are required to be 
submitted to high magnifying powers. Preparations injected in 
this manner should be examined as transparent objects.* They 
may be mounted in the ordinary preservative fluids or in Canada 
balsam, but glycerine forms the most satisfactory medium for 
their preservation. 

SOe. Of Injecting Ijymphatic Vessels. — It is very difficult to 
find and insert a pipe into a lymphatic vessel. When it is 
desired to inject these tubes it is usual to inject from the large 
trunk of the thoracic duct. I have however found that by 
injecting water into the hlood vessels, the lymphatics and lacteals 
become distended by the transudation of the fluid, and in this 
distended state it is easy to insert the pipe. The pipe having 
been tied in the vessel, the water is absorbed as described in 
§ 205, and the injection may then be forced in, care being taken 
to use very gradual pressure, so that the coats of the vessels may 
be sufficiently stretched to allow the injection to pass between 
the valves, vnthout heing rv/ptured. In this way I have succeeded 
in injecting the vessels of even a part of one organ. (" Archives " 
Vol. I., p. 113.) 

207, Of Preparing Portions of Injected Preparations for 

* "On theAnatcmy of the Liver of Man and Vertebrate Animak." — London : 
John ChurohUl, 1866. 
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Uicroscopioal Ezamiuation.— When thin tissues, such as the 
mucous membrane of the intestines or other parts, have been 
injected, it is necessary to lay them perfectly flat, and wash the 
mucus and epithelium from the free surface, either by forcing a 
current of water from the wash-bottle, or by placing them in 
water and brushing the surface gently with a camel's hair brush. 
Pieces of a convenient size may then be removed and mounted 
in solution of naphtha and creosote, in dilute alcohol, in glycerine, 
or in gelatine and glycerine. The most important points in any 
such injections are shown if the preparation be . dried and 
mounted in Canada balsam. The specimen must, in the first 
place, be well washed and floated upon a glass slide with a 
considerable quantity of water, which must be allowed to flow off 
the slide very gradually. The specimen may then be allowed to 
dry under a glass shade, in order that it may be protected from 
dust. The drying should be effected at the ordinary temperature 
of the air, but it is much expedited if a shallow basin filled with 
sulphuric acid be placed with it under the same bell-jar. 

Of solid organs, such as the liver and kidney, thin sections as 
well as portions from the surface should be preserved. Thin 
sections may be made with the ordinary scalpel or with Valentin's 
knife, if an extensive one be required. The surfaces of. the 
section should be well washed, and it may then be mounted in 
one of the methods previously described. 

808. Of the best mode of Destroying' the Life of Animals 
intended for Injection. — -I have tried various plans of destroying 
the life of animals intended for minute injection, and have found 
that in death by sudden shook the vessels remain in a relaxfed 
state for a sufficient time after death to enable us to complete the 
injection. In some cases a good resxilt is gained by destroying 
life in an atmosphere of carbonic acid, but I find that the very 
sudden death produced by a fall from a height, dashing on the 
ground, <fec., is the most advantageous. Any small animal may be 
wrapped up in a cloth and dashed suddenly and with some force 
against the ground. Care must be taken to avoid rupturing any 
of the tissues by protecting the animal with several folds of the 
cloth. Swinging very rapidly through the air also destroys life 
very suddenly, without causing sudden contraction of the 
muscles. 
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Fig. 186. Vessels of gall- bladder injected. A. double injection of arteries and veins. 

Fig. 187. Ciipiliaries of the liver injected with ehromate of lead (Rainey). 

I'ig. 1S8. Capillaries injected with Prussian blue fluid. 

Fig. 189. To illustrate the mode of injecting a piece of intestine. 
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CHAPTEE VIII. 

Oi" Chemical Anattsis in Miceoscopical Iuvestiha- 
TiON. — Instances of the use of Reagents — Preliminiwy 
Operations — Reaction — On Mlterinff — Evaporation and 
Drying — Incineration — Apparatus — Chemical Microscope 
— Examining Substances at a Sigh Temperatv/re. Ee- 
AGENTS AND IHEIE AcTiON. — Alcohol — Ether — Effects 
of Alcohol and Ether — Nitric Acid — Sulphuric Acid — 
Hydrochloric Acid — Acetic Acid — Chromic Add — Effects 
of Acids upon Organic Structures — Solution of Potash — 
Solution of Soda — Effects of Alkalies upon Organic 
Structures — Potash and Soda — Ammonia — Nitrate of 
Rarytes — Nitrate of Silver — Oxalate of Ammonia — Iodine 
Solutions. Op AppLTisa Tests to Minute QTrAWiiTiBS 
OP Mattee. — Rottles vnth Capillary Orifices for Tests — 
Capillary Tubes, vnth India-rubber tied over the Top — 
Testing for Carbonates, Phosphates, Sulphates and Chlo- 
rides. Op Obtaining Cetstalline BtrBSTANCES peom 
THE Fluids and Texttjees op On<i^:s^SM&.—Eormation 
of Crystals — Influence of various Constituents upon the 
Crystallization — Separation of Crystals from Non-Crystal- 
line Organic Substances — Examindtion of Crystals under 
the Microscope. Op Obtaining Cetstals poe Exami- 
'SK'Sio^.— Preservation of Crystals as Permanent Objects. 
Op the Haedening Peopeeties op Dippeeent Chemi- 
cal Solutions. — Mr. Lochhart Clarice's plan of Prepar- 
ing ThiM Sections of the Spinal Cord — Method of rendering 
'Soft Tissues Hard and Tran^arent. 



Op the Advantaoes op Chemioai Reagents in Miceoscopical 
Intestigation. 

209. Of Olieiuical Analysis in microscopical Investlgration. 
— I have already referred to the influence which the refrac- 
tive power of the medium in which any structure is immersed 
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exerts upon its appearance in the microscope. We have now 
to discuss the advantages derived from the chemical action 
of certain solutions upon various specimens. This part of 
the subject is most important, and is perhaps of all the 
various branches of microscopical research, that from which 
the greatest advantages may be expected to result. It is an 
investigation which will certainly reward all who earnestly 
devote themselves to its study. It is certain that great 
changes wUl take place in our views of the nature of many 
minute structures when, chemical analysis shall be more in- 
timately associated with microscopical inquiry. Although by 
the microscope we can say that such a texture is granular, 
fibrous, opaque, perfectly clear, (fee, we learn in such an examina- 
tion nothing more of its nature. Since these appearances are 
manifested by several different materials, it is necessary to resort 
to a chemical examination to discover the nature of the substance 
to which the microscopical characters are due. If the composi- 
tion of any body having well-defined microscopical characters 
has been once made out, by resorting simply to microscopical 
examination, we are enabled to recognise it whenever we meet 
with it afterwards. Some bodies always produce well-recognised 
crystals when treated with a certain chemical reagent, and we 
know that although there may be in nature other crystals of a 
different composition, but of precisely the same form, these latter 
could not be produced under the same circumstances as the 
former ; hence in such a case we may feel as confident of the 
nature of the substance as if an ultimate analysis were made of it. 

Besides the ordinary uses to which they are applied, chemical 
reagents are useful in removing certain components of a structure 
which interfere with the examination of other constituents, in 
altering the character of certain tissues without dissolving them, 
as for instance by increasing their transparency or opacity, or in 
modifying the physical structure of textures in such a manner as 
to render it more convenient to cut sections or to perform other 
chemical operations necessary for the demonstration of their 
structure. 

By an acquaintance with the behaviour of certain substances 
with particular chemical reagents, and the application of this 
knowledge to microscopical investigation, we are often enabled 
to distinguish peculiarities of structure, to ascertain the chemical 
composition of minute quantities of matter, and to demonstrate 
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clearly the existence of compounds with the greatest certainty, 
which would entirely escape our observation if we subjected them 
separately to the most careful chemical analysis, or to the most 
searching microscopical examination. 

The application of chemical analysis to microscopical investiga- 
tion, and the examination of crystalline forms in the microscope, 
has thrown a new light upon the nature of many physiological 
changes which are constantly taking place in living bodies in 
health, and has enabled us to investigate more satisfactorily the 
modifications which these processes undergo when influenced by 
circumstances interfering with or counteracting healthy actions. 

SIO. Instances of the Use of Beagents- — As an instance of 
the great advantage of the application of a few simple tests to 
microscopical investigation, I may refer to the different effects of 
ether upon fat globules (which are so commonly found in different 
tissues) and crystalline bodies composed of phosphate or car- 
bonate of lime, which sometimes resemble them so nearly in 
refractive properties, in form, and in general appearance, as to 
have led to mistakes with reference to their nature. The appli- 
cation of a drop of ether has no effect whatever upon the latter, 
but instantly dissolves the former. Phosphate of lime is readUy 
soluble in dilute acids, while fat is not acted upon by these 
reagents. Various insoluble saline materials not unfrequently 
prevent us from seeing the anatomical elements of which a tissue 
is composed. A knowledge of the nature of these often enables 
us very easily to remove them. Supposing, for instance, the 
saline matter consists of carbonates or phosphates of lime or 
magnesia, we have only to add a drop of dilute acid which 
dissolves them completely. 

The action of acids and alkalies is often very valuable in 
rendering structures transparent, which are too opaque for 
examination in the ordinary state. If a portion of tendon, 
composed of white fibrous tissue (Plate XXVIII, Fig. ] 12), which 
is very opaque in its ordinary state, be immersed in acetic acid, 
or in a dilute solution of potash or soda, it soon becomes clear 
and transparent, and if the operation be conducted with certain 
precautions, many of its original characters may be brought 
back by subsequently neutralizing the acid or alkali. 

The cell wall, or rather the outer part of the cell, which is 
in many cases too opaque to enable us to see the nucleus in the 
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interior may be made by reagents perfectly transparent bo that 
the nucleus becomes distinct and well defined. This change 
may be easily effected by either of the reagents alluded to 
in the last paragraph. Albiuninous textures generally may often 
be rendered very transparent by the action of acetic acid, or by 
the addition of a drop of dilute caustic potash or soda. 



Chemical and Mioboscopioaii Examination. 

SU. Prelimmary Operations. — In the first place we should 
note carefully the general characters which the substance 
exhibits ; its form, colour, size, weight, hardness, &c. ; and 
fluidity, transparency, tenacity, &;c., in the case of liquids. 
Portions of solid textures, and the deposit from fluids must be 
subjected to microscopical examination, but their reaction should 
be always ascertained in the first instance. 

SIS. Eeaotion. — The reaction of any moist substance is found 
out by testing it with a piece of blue, and reddened, litmus paper. 
If the matter be dry, or the reaction of a vapour is to be tested, 
the paper must be first moistened with a drop of distilled water. 
The Uue litmus paper is reddened by acids, and the red paper is 
turned Hue by alkalies. The reddened litmus paper is prepared 
by adding a very small quantity of acetic acid to the infusion of 
litmus into which it is to be dipped. 

If an add reaction is due to the presence of carbonic acid, the 
blue colour will be restored upon gently warming the paper 
upon a glass slide over a lamp, or upon a warm plate.^ » 

An 'alkaline reaction may depend upon the presence of volatile 
or fixed alkali. The red colour is restored upon warming the 
paper which has been rendered blue by the presence of volatile 
alkali (ammonia or carbonate of ammonia), while it is not 
restored if the change is produced by the presence of a fixed 
alkali (potash, soda, or their carbonates, or an alkaline phos- 
phate, &c.). 

S13. On Filtering: — The process of filtration is one which the 
mioroscopist as well as the chemist frequently has to perform. 
To filter a deposit from a solution, in quantity, is easily effected by 
the use of ordinary filtering paper, folded (Plate XLI, Pig. 190), 
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Fio;. 190. To illustrate the mode of folding filtering paper. ' 

Fig. 191. Funnel arranged for lilteriug. 

Fig. 192/ Test tubes with stand and drainer. 

Fig. 198. Box with reagents and other apparatus required by the microacopis';. 
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and placed in a small glass funnel (Fig. 191, Plate XLI). But 
sometimes we find it necessary in microscopical analysis, to filter 
the deposit from a single drop of fluid. This may be efiected 
by cutting a very narrow strip of filtering paper, and bending 
it into a V form, upon one of the glass slides. The drop is 
made to pass between the limbs of the V, and upon inclining 
the slide, clear fluid will gradually pass through the apex of 
the V, and can be conducted away to another part of the slide, 
by a very fine glass rod, where other tests may be applied. 

214. Evaporation and Drying. —The evaporation of fluids, 
and the desiccation of organic solids, must always be conducted 
over a water-bath, otherwise there is great danger of decomposi- 
tion occurring. Por operations upon small quantities, the water- 
bath represented in Plate XXI, Fig. 76, will suffice, or the cans 
of the injecting apparatus, Plate XXXVIII, Pig. 180, may be 
removed, and basins placed over the holes. 

In endeavouring to obtain crystals of organic substances 
it is always advantageous to evaporate the solution over the 
surface of sulphuric acid under a bell-jar, Plate XXIII, Pig. 92 
or, what is better still, in vacuo, Plate XXXV, Pig. 160. In 
some instances, the evaporation may be conducted by simply 
exposing the liquid placed in a basin or watch-glass, and covered 
lightly with paper, to the air ; or, where very slow evaporation 
is necessary, the watch-glass, may be covered over with a bell- 
glass. 

215. Incineration. — By incinerating a small portion of any 
organic substance, upon a piece of platinum foil, or in a platinum 
or porcelain crucible, we are enabled to ascertain whether it 
contains inorganic salts, or consists entirely of organic matter, 
in which case the substance leaves only a black residue, which 
burns off entirely after a short time. In order to obtain the 
inorganic constituents perfectly free from carbon, it is sometimes 
necessary to keep the mass, for a considerable time, at a duU 
red heat. The addition of a»drop of nitric acid, causes the rapid 
oxidation of the carbon. If the temperature be too high, the 
process is often much retarded, in consequence of the fusion of 
some of the salts, as the phosphates and chlorides, and the 
.inclusion of small masses of carbon, which are thus protected 
from the action of the atmosphere. The platinum basin or foil 
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may be supported over the lamp upon a_ piece of wire, bent in the 
form of a triangle, or upon one of the small rings attached to the 
spirit lamp (Plate XXI, Figs. 72, 73). It may be removed from 
the lamp with the aid of an old pair of forceps. 

216. Apparatus. — The chemical apparatus which is necessary 
in the coinrse of microscopical investigation is very simple, and 
the greater number of instruments have already been referred 
to. The following are among the most important pieces of 
apparatus : — 

A few conical glasses of different sizes, § 171. Apparatus for 
taking specific gravities. Test-tubes of various sizes, arranged on 
a stand, Plate XLI, Fig. 192. Spirit-lamps, with various supports, 
Plate XXI, Fig. 73, or, where gas is laid on, the gas-lamp, 
Plate XVIII, Mg. 66. Glass funnels and filtering paper, small 
porcelain basins, watch-glasses ; a simple water-bath, Plate XXI, 
Fig. 76, or the injecting can, Plate XXXVIII, Fig. 180, may be 
used, if several evaporations are to be conducted at once. A 
small platinum capsule, a strip of platinum foil, a blow-pipe, 
pipettes, Plate XXXVII, Fig. 172, and glass stirring rods, with 
a box of reagents iu small bottles, Plate XLIII, Fig. 198, and test 
papers, complete the apparatus. All these may be obtained 
packed in a box of convenient size, Plate XLI, Fig. 193. 

S17. Miorosoope for Examining: Substances Immersed in 
Acids and Corrosive Fluids. — In examiniDg preparations which 
require to be immersed in strong acid, in the ordinary micro- 
scope, it is not easy to prevent the fumes from injuring the brass 
work of the instrument. Considerable inconvenience is aJiSO 
experienced in examining fluids while hot, in consequence of the 
vapour which rises, condensing on the object-glass, and rendering 
the object invisible. 

These inconveniences are entirely obviated by the ingenious 
microscope invented some years ago by Dr. Lawrence Smith, of 
Louisville, United States {" American Journal of Science," secondi 
series. Vol. XIV, 1852). The inverted chemical microscope is 
represented in Plate XLII, Fig. 194. 

By this arrangement the object-glass is always kept perfectly 
clear, while of course the definition of objects is not in any way 
interfered with. 



PLATE XLII 



Fig. 194. 
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The inverted microscope of Dr. Lawrence Sniitli, of Louisville. 
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218. Of Examining Substances at a Higrh Temperature 

By placing a brass plate upon the stage of the instrument just 
described, and allowing one end to project over the edge, so that 
it may be conveniently heated by a spirit-lamp, any substance 
may be kept warm upon a glass-slide, while being subjected to 
microscopical examination. When a high temperature is neces- 
sary, I have adopted the plan represented in Plate XXXV, Fig 
158. A square copper tube is arranged to lie flat upon the stage 
of the ordinary microscope. A spirit-lamp is placed at its lower 
opening, while the heated air escapes from the upper end. At 
that part where the glass slide is to be placed, the lower wall of 
the tube is composed of glass, while at the upper part is an 
opening, which allows the heated air to come into actual contact 
with the glass slide. 

Reagents and their Action. 

The reagents necessary are not very numerous ; they should 
be perfectly pure. Of the greater number only very little is 
required ; but of alcohol, ether, and one or two others, it is 
necessary to have a half-a-pint or more. The stock reagents 
should be kept in stoppered bottles of about the capacity of two 



219. Alcohol.— Alcohol of diflFerent strengths will be required 
for the purpose of dissolving certain substances, and for separat- 
ing them from other constituents, which are insoluble in this 
reagent. Alcohol should always be diluted with distilled water, 
and it is better to prepare a considerable quantity at a time. It 
is convenient to have two or three bottles which will hold about 
two quarts each. The strength of each should be written upon a 
label attached to the bottle. The importance of alcohol as a 
preservative solution has been already referred to in § 99. 

220. Ether, Chloroform. — An ounce or two of ether will be 
quite sufficient for microscopical purposes. It should be kept in 
a stoppered bottle, provided with a glass cap, to prevent loss by 
evaporation. A little should also be kept in one of the small 
glass bottles with capillary orifices, § 236, for the convenience of 
iapplyingto cells containing highly refracting globules, resembling 
oil, (fcc.j under the microscope. 
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231. Effects Of Alcohol and Ether.' — Alcohol coagulates albu- 
minous matters. Germinal matter is always rendered granular 
by this reagent. Many transparent tissues are corrugated, and 
rendered more or less opaque by alcohol. It dissolves certain 
forms of fatty matter, resinous materials, many forms of vegetable 
and animal coloring matter. 

Ether is of great use for dissolving various kinds of fatty 
matter. In many cases (as, for example, in common milk) the 
oil globule is covered with a caseous or albuminous investment, 
which protects it from the action of the ether. In this case it is 
necessary to add a drop of acetic acid, or solution of potash 
or soda, to dissolve the membrane, when the ether will at once 
act upon the fat. 

Chloroform is a valuable fluid for dissolving Canada balsam. 
Solutions of this substance in chloroform are preferred by many 
to ethereal solutions. 

S23. Nitric Acid should be kept of two different degrees of 
concentration ; one the strongest that can be procured, and 
another containing about twenty per cent, of the strong acid. 
This last is the acid most used by the microscopist, especially in 
separating muscular fibre cells. It is prepared by mixing one 
part of the strong commercial acid with five parts of distilled 
water. 

223. Sulphuric Acid is sometimes required undiluted, but a 
small bottle of diluted acid (one of acid to five of water) should 
also be at hand. The pure colourless acid should always be 
procured ; it is to be purchased for about Is. 6d. a pound, b>it 
only very small quantities are required. 

224. Hydrochloric Acid may be obtained perfectly colourless. 
It may be kept in the pure state and diluted as required. 

225. Acetic Acid. — Two specimens of acetic acid wUl be found 
convenient. One, a solution of the strongest acid which can be 
procured ; the other, containing about twenty per cent. This is 
prepared by dissolving one part of the strongest liquid acid, or of 
the pure glacial acetic add, in five of water. The glacial acetic 
acid is now commonly employed for photographic purposes, and 
can, therefore, be very readily obtained. 
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S26. Chromic Acid ia usually required very dilute. For the 
purpose of hardening tissues a watery solution of a straw colour 
will be found strong enough. It is easily prepared by dissolving 
a little of the crystallized chromic acid in distilled water. 

The crystallized acid may be prepared by decomposing 100 
measures of a saturated solution of bichromate of potassa, by the 
addition of 120 to 150 measures of pure concentrated sulphuric 
acid. As the mixture becomes cool, crystals of chromic acid are 
deposited, which should be dried and well pressed on a porous 
tile, by which means the greater part of the sulphuric acid is 
removed, and the crystals obtained nearly pure. 

SS7. Effects of Acids on Org'anic Structures. — The effects of 
the application of cold strong acids to animal textures are very 
variable ; in some instances the tissue is completely destroyed, 
while in others scarcely any effect seems to be produced. The 
mineral acids generally coagulate albuminous tissues, and render 
their microscopical characters confused and indistinct. Tribasic 
phosphoric acid, however, is an exception to this. Acetic acid 
dissolves many of the substances allied to albumen. The ap- 
pearance of some structures is scarcely altered by the application 
of a strong acid ; for instance, the blood corpuscles shrink a 
little, but exhibit their usual form and general characters for 
some time after the addition of strong nitric acid, and the cells 
of the epidermis and nail, although turned of a yellow colour, are 
not destroyed ; the latter are separated somewhat from each 
other, and their outline is often made beautifully distinct. Most 
of the mineral constituents of the body, insoluble in water, are 
directly dissolved by the acids. Strong nitric acid is a very 
useful reagent for demonstrating vegetable cellular structures. 

Acetic Add. — Acetic acid is one of the most useful reagents to 
the microscopical observer. It has the property of dissolving 
granular matter composed of albuminous material, and causes 
cell-wall and many kinds of formed material to become very 
transparent ; although it often renders the nucleus darker and 
more distinct. In many instances the action of tlie acid upon 
the cell wall is curious ; the formed material becomes more 
pulpy and thicker, and approaches more nearly in density and 
refracting power to the solution in which it is immersed. In 
numerous instances, by adding a saline solution to cells which 
have been previously rendered transparent by acetic acid, they 

E 2 
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again contract, and the outline becomes distinct. In some cases 
however, the outer part of the cells is actually dissolved by the 
acid, and the germinal matter is set free. Acetic acid will be 
required of various strengths, the most useful proportion being 
one part of the strong acid to three or five of water. Acetic acid 
is very frequently used to make epithelial structures transparent, 
in order that the arrangement of the minute vessels and nerves 
in papillae, (fee, may be demonstrated, as in the case of the 
tongue, skin, &c. Sections of preparations which have been 
hardened by maceration in alcohol, often require boiling slightly 
in acetic acid before they can be rendered transparent. The 
action of acetic acid on white fibrous tissue is very characteristic, 
as it converts it into a transparent jelly-like mass, in which a 
few nuclei are visible. Upon the yellow element, on the other 
hand, this reagent exerts no action whatever. 

Acetic acid may also be employed for testing crystalline bodies, 
as phosphates and carbonates. It distinguishes phosphate or 
carbonate of lime from oxalate of lime (all of which are insoluble 
in water), by dissolving the two former, while it does not affect 
the latter even if boiled with it. 

The action of acetic acid, upon any particular tissue, upon 
any form of cells, fibres, <fec., that are subjected to examination, 
should always be specially noted. Many tissues are quite in- 
soluble in acetic acid, though they are not, rendered opaque by it. 

Nitric Acid. — Strong nitric acid dissolves albuminous sub- 
stances, but first colours them deep yellow. Dilute nitric acid is 
much employed in microscopical research. — An acid composed of 
one part of acid to two or three of water, forms a good solution 
for hardening some structures previous to cutting thin sectiohs. 
The thin sections may sometimes be rendered very transparent 
by being treated afterwards with dilute caustic soda. For 
demonstrating muscular fibre-cells, nitric acid is a valuable 
reagent. For this purpose the solution should contain about 
twenty per cent, of strong acid, and the muscular fibre should 
be allowed to macerate in it for some days, when small pieces 
may be removed with scissors, and after being carefully torn up 
with fine needles, subjected to examination. 

When we wish to obtain portions of glandular structure 
isolated from one another, it is a good plan to soak the tissue for 
some days in dilute nitric acid (one part of acid to six or seven 
of water), when the areolar tissue becomes softened, and at the 
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same time the gland structure is rendered more firm, and may be 
isolated very readily with the aid of needles. In this manner 
the gastric glands, the secreting follicles of the pancreas, and 
salivary glands may often be very satisfactorily demonstrated. 
The so-called fibre cells of organic muscles are to be isolated in 
the same way. 

By boiling animal tissues in strong nitric acid, they become 
destroyed, while any siliceous constituents remain behind un- 
altered. In this manner, the siliceous skeletons of the Diato- 
macece may be separated from any organic matter with which 
they may be combined. This is one of the processes employed 
for obtaining these beautiful objects, from guano. 

Babph'tiric Acid. — Hydrochloric Acid. — The pure concentrated 
acids only should be used for microscopical investigation. Con- 
centrated sulphuric acid causes epidermic structures to swell up 
very much, and the cells to separate from each other so as to be 
readily isolated. Boiling acid completely dissolves them. In 
the examination of hair, strong sulphuric acid will be found to 
render the outline of the cells very distinct. 

Hydrochloric acid is usually employed for dissolving out the 
mineral constituents of certain tissues, such as bone or teeth. 
As a rule, it is better to use dilute acid (one of acid to three or 
four of water), in which case, however, a longer time must of 
course be allowed, than when the acid is concentrated. 

228. Solution of Potash should be kept of two or three 
different degrees of strength. One, the strongest which can be 
obtained ; another, made by mining one part of the strong potash 
with three or four of water ; and a solution consisting of one 
part of liquor potassae to eight or ten of water will be found of a 
useful strength for the examination of many preparations. 

329. Solution of Soda is generally required very dilute. It 
may be made by mixing one part of the strong solution of the 
shops with five or six of water ; but this, for many purposes, will 
require to be still further diluted. Or, about twenty-five grains 
of the fused soda may be dissolved in an ounce of distilled water. 

230. Effects of Alkalies on Organic Structures: Potasli and 
Soda.— The action of alkalies, even when cold in a very dilute 
state is to dissolve most animal textures. Cell-membranes are 
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frequently almost instantly dissolved, while the nucleus (germinal 
matter) appears to be altered but slightly. 

Alkalies are also employed for dissolying certain crystalline 
substances which are occasionally found in animal tissues, such, 
for instance, as the urates. 

The action of potash and soda upon animal structures is very 
similar. Both dissolve substances of an albuminous nature, but 
the effect of soda is more gradual, and it has been found that for 
most purposes in microscopical research, this reagent possesses 
advantages over potash. 

The solution of potash is the ordinary liquor potassoe of the 
pharmacopoeia, and the solution of soda is prepared in the same 
manner. These solutions may he diluted with water to the 
required strength. Potash and soda are employed where a tissue 
is to be rendered more transparent for the purpose of demon- 
strating the arrangement of the nerves or other anatomical 
elements not soluble in this reagent. 

These reagents dissolve the layer of epithehum covering 
mucous membranes, or render it perfectly transparent, so that 
the arrangement of the structures beneath the basement mem- 
brane can be easily demonstrated. In investigating the termina- 
tion of the nerves and vessels in papillae and other structures, 
they are very valuable, especially the latter. 

For the purpose above mentioned, the alkalies should be diluted 
with water. The changes are expedited by the application of 
heat, which, however, must not be too great, for fear of complete 
solution taking place. The structure may be heated with the 
solution in a test tube. 

Some animal textures become hardened by prolonged macera- 
tion in carbonate of potash, but this plan does not appear to be 
so generally useful as others previously indicated. Epidermic 
structures are not much altered by these salts. 

The introduction of different chemical solutions by injection, 
has been discussed in page 112. I strongly recommend this plan 
of subjecting the tissue to the action of the reagent. See also 
Chapter X. 

231. Ammonia. — Solution of ammonia, made by mixing one 
part of the strongest liquor ammoniae with three of water, will be 
found sufficiently strong for all the purposes for which this 
reagent will be required. 
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232. Witrate of Barytes. — A cold saturated solution of the 
salt forms a test solution of convenient strength. It should be 
filtered before use. A solution of nitrate of barytea is employed 
as a test for sulphuric and phosphoric acids. The precipitated 
sulphate of baryta being insoluble both in acids and alkalies ; 
while the phosphate of baryta is readily soluble in acids, but 
insoluble in ammonia. 

833. Nitrate of Silver. — A solution of nitrate of silver is 
prepared by dissolving one hundred and twenty grains of the 
crystallized nitrate in two ounces of distilled water, and filtering 
if necessary. Nitrate of silver is employed as a test for chlorides 
and phosphates. The white precipitate of chloride of silver is 
soluble in ammonia, but insoluble in nitric acid. The yellow 
precipitate of tribasic phosphate of silver is soluble in excess 
of ammonia, as well as in excess of nitric acid. 

234. Oxalate of Ammonia. — Some crystals may be dissolved 
in distilled water, and, after allowing time for the solution to 
become saturated, it may be filtered. Oxalate of ammonia is 
used as a test for salts of lime. Oxalate of lime is insoluble 
in alkalies and in acetic acid, but soluble in the strong 
mineral acids. In testing an insoluble deposit for lime, it may 
be dissolved in nitric acid and excess of ammonia added; the 
flocculeut precipitate is readily dissolved by excess of acetic acid, 
and to this solution the oxalate of ammonia may be added. The 
precipitation of oxalate of lime is favoured by the application of 
heat. Many deposits of phosphate are with great diflSculty 
soluble in acetic acid, hence ihe necessity of first adding nitric 
acid, as above directed. 

235. Iodine Solutions. — An aqueous solution is easily pre- 
pared, by dissolving a few grains of iodine in some distilled water, 
until it acquires a brownish-yellow colour. A solution of iodine 
is sometimes useful for colouring certain animal and vegetable 
textures, which are so transparent as to be scarcely distinguish- 
able upon microscopical examination. In the examination of 
many such structures, great assistance will be obtained from the 
use of coloured solutions ; for delicate textures, like the cell wall 
and basement membrane, &c., can be far better distinguished 
when a faint tint is communicated to them, than when perfectly 
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colourlesft WKen a membrane is to be made more distinct, it 
may be immersed in a little Prussian blue fluid (§ 196), the minute 
particles of which adhere to it, and enable us to trace its outline 
clearly, or in a weak solution of magenta. 

Iodine is principally employed as a test for starch which is 
rendered blue by an aqueous solution, even when very dilute. 
Albuminous matters and tissues are coloured yellow by iodine, 
and vegetable cellulose also receives a brownish-yellow tinge. 
The addition of sulphuric acid (one part of the strong acid, two 
parts of water) to albuminous matter stained with iodine, causes 
no change, but cellulose under the same circumstances becomes 
blue. In oases where substances allied to starch and cellulose 
(amyloid matters) are found associated with the albuminous 
matters, a purple, bluish, or greenish tinge results from the 
action of iodine and sulphuric acid. 

A strong solution of iodine may be obtained by employing a 
solution of iodide of potassium to dissolve the iodine (one grain 
of iodine and three grains of iodide of potassium, to one ounce 
of distilled water). 

Schultz recommends the following iodine solution. Zinc is 
dissolved in hydrochloric acid; — the solution is permitted to 
evaporate in contact with metallic zinc untU it attains the 
thickness of a syrup ; and the syrup is then saturated with 
iodide of potassium. The iodine is next added, and the solution, 
if necessary, is diluted with water. Professor Busk gives the 
following directions for preparing this solution : one ounce of 
fused chloride of zinc is to be dissolved in about half an ounce of 
water, and to the solution (which amounts to about an ounce 
fluid measure), three grains of iodine dissolved, with the aid qf 
six grains of iodide of potassium, in the smallest possible quantity 
of water, are to be added (" Trans. Mic. Soc," Vol. I., p. 67). I 
have employed a solution prepared in this manner, and can speak 
very highly of its utility. In making it, it is necessary not to 
fuse the chloride of zinc much, or to use a very high temperature, 
as decomposition is very apt to take place. In testing starch 
with this solution, it is advisable to add a very little water, as 
the solution frequently will not act in its concentrated form. 
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Op Applying Tests to Mintttb Quantities of Matter. 

836. Bottles with Capillary Orifices for Tests. — The above 
tests may be preserved in ordinary stoppered bottles, but I much 
prefer to keep them in small tubes with capillary orifices, from 
which only a drop, or a part of a drop, can be expelled when 
required. Several years since, I arranged all the ordinary tests 
I required for microscopical purposes in small bulbs which were 
drawn off to a capillary point. They were provided with glass 
and gutta percha caps. These bulbs, however, were somewhat 
inconvenient in consequence of not being made to stand upright, 
and Mr. Highley substituted for them tubes with flat bottoms 
and ground glass caps (Plate XLIII, Figs. 195, 197). To fill these 
bottles I proceed as follows :^A little of the solution is poured 
into a small basin, the tube being inverted so that its orifice 
dips beneath the surface of the fluid. - Heat being now applied 
to the body of the bulb, the air in its interior is expanded and 
partially expelled. As the bottle becomes cool, a certain quantity 
of the fluid rises up into its interior. Usually, however, it is not 
possible to introduce more than a few drops in this manner. 
The bottle is then removed and heated over the spirit-lamp until 
the drop of fluid in its interior is in a state of ebullition. While 
' the steam is issuing violently from the orifice, I carefully plunge 
it again beneath the surface of the fluid. As the steam within 
condenses, the solution rises up in the interior, and would 
completely fill the little bottle if it were maintained in this 
position, but when it is about three parts full I remove it from 
the fluid. If I were to fill it completely it would be difficult to 
expel the fluid when required. A certain quantity of air, 
therefore, is allowed to remain within the bottle, and being 
■ expanded by the warmth of the hand, the quantity of fluid 
required can be driven out at pleasure. In this manner fluid 
may be introduced. 

Mr. Highley has made a further modification by arranging 
the capillary neck in the form of a tubulated stopper, by the 
removal of which, fluid can be introduced as in filling an ordinary 
bottle (Fig. 197). 

For microscopical purposes bottles with capillary orifices 
possess many advantages over the ordinary stoppered bottle. 

In the first place, a most minute quantity of the test can be 
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obtained without difBcultf, and there is no chance of too much 
escaping. 

Secondly, there is no danger of the reagent becoming spoilt 
by the introduction of various substances from without. If an 
ordinary stoppered bottle be used, a drop of the fluid must be 
removed with a pipette or stirring rod, but if these should not 
be quite clean, foreign substances may be introduced, and the 
reagent spoilt for further operations. Carelessness upon this 
head will lead to the greatest inconvenience, and give rise to 
serious mistakes. 

Thirdly. Testing by means of these little bottles can be con- 
ducted in a very short space of time, and they possess the advan- 
tage of being packed in small compass. (Plate XLIII, Fig. 198.) 

237. Capillary Tubes with India-rubber tied over the Top. 
— Dr. Lawrence Smith, of Louisiana, recommends that the tests 
should be kept in bottles of two ounce capacity, and instead of a 
stopper, he inserts a tube in the form of a pipette, the upper 
open end being covered with a piece of vulcanised India-rubber 
(Pig 199). By pressing this while the lower end is beneath the 
fluid, a portion of the air is of course driven out, and a little fluid 
rushes in to supply its place as soon as the pressure is removed. 
The tube may then be removed from the bottle, and by again 
pressing the Indiarrubber, a drop, or a portion of a drop, is very 
readily expelled. 

238. Method of Applyiug Tests to Substances intended for 

Microscopical Examination The matter to be tested may be 

placed upon a glass slide, and, if necessary, a drop of water addei, 
to moisten or dissolve it, as the case may be. 

In these operations we usually require only a small drop of a 
solution, and it will be found most convenient, in applying it to 
the object, to take a drop from the bottle by dipping a stirring- 
rod into it, and withdrawing it immediately. Enough will be 
found adhering to the stirring rod for the purpose required. The 
rod should not be dipped in a second time, without being first 
well washed in water, — for if this be not scrupulously attended 
to, there is great danger of conveying some of the substance 
intended for examination into the test bottle, in which case the 
whole contents would be spoiled. Without great care in all our 
manipulations, there will be much danger of removing a portion 
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Figs. 195, 196. Small capillary tube and bulb with capillary orifices and caps, for microscopical 
testinj. Fig. 197. The same, but aiTanged with a tubular stopper for greater facility of 
introducinpc the test solution. Fii;. 198. Jiox with twelve test bottles. Fig. 199. Tube with 
India-nibber, a, tied over upper extremity to remove small quantities of test solution (roui 
bottles. It is inserted like a stopper, and ground at the point A to tit the neck of tlie 
bottle. Up. 20U. To illustrate the appearance of crystal's (cieaLine) under the microscope. 
Fig. 200*. Cfvstiils of comnioil salt. 
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of one substance from a glass slide and carrying it to a deposit 
which is subsequently examined ; — a result which might lead to 
great inconvenience and very seiious mistakes. Accidents of 
this kind can always be avoided, by not allowing the drop of the 
reagent to touch the deposit until the rod has been removed. 
This can be effected by placing the drop near the substance 
intended for examination, and then allowing it to come into con- 
. tact with it, either by inclining the glass slide, or by leading it 
with a glass rod, to the matter to be tested. Without the greatest 
attention to cleanliness, the microscopical observer will be con- 
stantly led into error, and thereby bring discredit upon himself 
and upon the science. Nothing is more common than to find a 
specimen which we are examining in the microscope covered with 
a vast number of starch granules, which have been introduced 
from without. Usually they are derived from the squares of thin 
glass which are commonly kept in a little starch powder to 
prevent fracture. An intimate friend showed me one day some 
microscopic preparations which contained bodies of the nature 
and origin of which he was not aware. Upon examining the 
slide, I found a number of scales from the wing of a moth, 
which had no doubt been floating about in the air and had fallen' 
upon the preparations. For all such delicate operations, the 
specimens should be carefully protected by glass shades. 

239. Testing for Carbonate and Phosphate of Ijime, Phos- 
phate of Ammonia-and-Magrnesia, Sulphates and Chlorides.— 
Now, suppose the nature of the substances composing certain 
forms of earthy matter is to be ascertained. A small portion, 
about the size of a pin's head, is placed upon the sMe, and 
covered lightly with a piece of thin glass. Next, a drop of rdtric 
acid is expelled (by warming in the hand the bottle with the 
capillary neck) near to the thin glass. The acid soon reaches 
the sediment, and the disengagement of a few bubbles of gas may 
be observed. These are, as it were, temporarily pent up by the 
thin glass, and prevented from escaping. If there should be any 
doubt of the action of the acid, we may resort to examination in 
the microscope, when, if there be very few bubbles, they may be 
detected. The escape of bubbles of gas indicates the presence of 
carbonates. 

The acid solution may be neutralized with ammonia. A faint 
flocculent precipitate may be produced. After this has stood 
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still for a few minutes it is covered with thin glass and examined 
under the microscope. It may consist of amorphous granules 
(Phosphate of Lime) and small crystals, which, if allowed to stand 
long enough, will take the form of triangular prisms (Phosphate 
of Ammonia and Magnesia). 

If we wish to ascertain the presence of sulphates, a little of the 
nitric acid solution is treated with nitrate of Barytes. An 
amorphous precipitate of Sulphate of Baryta, insoluble in strong 
acid and alkalies, takes place, if sulphuric acid be present. The 
presence of chlorides is detected by the addition of a little 
nitrate of silver to a drop of the solution of the deposit in weak 
nitric acid. The white precipitate of chloride of silver is insoluble 
in nitric acid, but it is dissolved by ammonia. 

These will serve as examples of the method of detecting the 
presence of different substances in a very minute quantity of 
matter. The indications obtained in this manner are quite as 
valuable, and may be relied upon with as much certainty, as if 
we were provided with a very large quantity of material to work 
upon ; in a single drop of a composite solution, the presence of 
several different acids and bases may be detected. 



Op obtaininq Oktstalline Stibstancbs fkom the Fluids and 
Textttres of Organisms. 

Under this head it is proposed to give a sketch of a few of the 
simplest plans of obtaining various crystalline bodies from animal 
solids and fluids. 

240. Formation of Crystals. — Some crystalline bodies are 
deposited from their solution in animal fluids by simple evapora- 
tion ; others, less soluble, may be deposited by allowing the fluid 
to stand still for a short time, when certain changes occur in 
some of its constituents, which lead to the precipitation of some 
bodies in a crystalline form, such, for instance, as uric acid, or 
crystals of triple phosphate. In other cases it becomes necessary 
to add some reagent before the crystals are thrown down, while 
not unfrequently a long and often complicated chemical analysis 
is required, in order to isolate some of the substances which were 
previously held in solution, and obtain them in a crystalline 
state. The addition of water in some cases causes the most rapid 
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crystallization, especially when the crystallizable material is 
contained in a cell, as when water is added to blood, in order to 
obtain blood crystals. Instead of water, in other instances, it 
becomes necessary to add alcohol, in which fluid the crystals may 
be much less soluble than in water. 

Crystalline substances which are dissolved in animal fluids, 
may often be separated in a perfectly pure state by the addition 
of another fluid in which they are not so readily soluble. This 
last should be added very gradually, to allow time for the 
formation of the crystals, otherwise an amorphous precipitate 
alone results. Many organic substances soluble in alcohol, may 
be crystallized by the addition of ether, while some are preci- 
pitated from their solution in water, by the gradual addition of 
alcohol. 

341. Influence of various Constituents upon tie Crystalliza- 
tion. — In many instances, it is exceedingly difficult to separate 
some crystalline bodies from other constituents with which .they 
are retained in solution. In consequence, their solubility is 
much increased, and their crystalKzation often prevented. The 
extractive matters of blood, urine, <fec., exert this influence in a 
marked degree, and it is only of late years that several new 
bodies of deflnite chemical composition have been isolated. 
Creatine and creatinine may be instanced amongst the number, 
for these were not very long ago included under the indefinite 
term " extractives." Certain colouring matters of definite com- 
position have also been separated, and it is very probable that as 
the methods of analysis at our disposal become improved, many 
new crystalline bodies will be isolated from the extractive 
matters. A very small quantity of extractive matter entirely 
prevents the crystallization of urea, while the presence of chloride 
of sodium favours the separation of this material by forming 
with it a compound which readily crystallizes in large octohedral 
crystals even in the presence of extractive matters. The existence 
of carbonic acid in excess may cause carbonate of lime, triple 
phosphate, and other salts, to be held in solution. Excess of 
alkali prevents the precipitation of uric acid, and excess of acid, 
that of phosphate of lime. Patty matters dissolve cholesterine, 
and serum possesses the power of retaining small quantities of 
both the latter substances in solution. Some crystalline bodies 
which are soluble at the temperature of the body, crystallize 
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when the solutions containing them are cooled thirty or forty 
degrees. The effect of dilution upon retaining crystals in solu- 
tion, need scarcely be alluded to. Hence, before the presence of 
many substances can be detected by microscopic examination, 
certain chemical operation? are required in order to separate 
them from their combinations in the animal body, or for the 
removal of other substances which interfere with their crystal- 
lization. 

243. Separation of Crystals from Animal Substances. — 
From what was stated in the last section, it follows that in 
many instances this is a matter of some difficulty. Not un- 
frequently, even after crystals have been obtained, if not very 
soon separated from the fluid in which they were formed, they 
again undergo solution or become decomposed. If the crystals 
are not very soluble, the supernatant fluid, or mother-liquor, may 
be poured off, — the crystalline deposit washed with ice-cold 
water, and subsequently dried on filtering paper over sulphuric 
acid, without the application of heat. 

If the crystals will not bear the application of water, as much 
of the fluid as possible must be poured off, and the remainder 
absorbed with bibulous paper, or they may be placed upon a 
porous tile, and dried over sulphuric acid in vacuo. In many 
instances we are enabled to wash the crystals with water, holding 
a little acid or alkali, or some alkaline salt; in solution, or with 
alcohol, ether, or some other fluid in which we know them to be 
quite insoluble. 

In cases in which crystals insoluble in water are deposited 
in animal solids, they may be separated by agitation, whefl, 
being heavier than the water, they subside to the bottom, and 
the lighter animal matter may be removed by forceps, or if in a 
very minute state of division,' poured off with the supernatant 
fluid. In other cases it may be separated by straining, while 
the crystals are washed through muslin. 

343. Examination of Crystals under the Sticroscope. — Some 
crystals which have been entirely separated from the fluid in 
which they were originally deposited, may be examined in the 
dry way, in water, or other fluid in which they are known to be 
insoluble, or in Canada balsam ; but, as a general rule, it is 
necessary to examine the crystals as they lie in some of the fluid 
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in which they have been formed. When they have been obtained 
by allowing a concentrated solution to cool, some of the inspis- 
sated fluid must be removed with the crystals, placed upon a 
glass slide or in a thin glass cell, covered with a piece of thin 
glass, and examined in the usual way — first using a low power 
(an inch), and afterwards a higher power (a quarter), because, 
although some of the crystals are of a large size, others amongst 
them, the form of which is very perfect, are often exceedingly 
minute. The crystals and mother-liquor should not be exposed 
to the air previous to examination, for in many instances water is 
absorbed, and partial solution takes place. 

244. Of obtaining Crystals for Examination. — In order to 
accustom himself to the necessary manipulation required in the 
process, the student may evaporate a solution of common salt 
upon a glass slide, and when it has become sufficiently concen- 
trated it may be covered with a small piece of thin glass, and 
allowed to cool. When cold it may be subjected to microscopical 
examination, and beautiful cubes of chloride of sodium will be 
observed (Plate XLIII, Fig. 200*). Crystals of several salts may 
be made in the same simple manner, and from an attentive 
examination of them, much may be learned. Phosphate of soda, 
phosphates of soda and ammonia, sulphates of potash and soda, 
muriate of ammonia, and a variety of other salts, can be readily 
obtained in microscopical crystals in this manner. Mr. Glaisher 
has made some beautiful observations on snow-flakes. Copies of 
his drawings are presented in Plate XLIV, Figs. 201 to 213. 

Diflerent faces of the crystal, as it lies in the liquid, may be 
brought into view by slightly moving the thin glass cover with a 
fine-pointed instrument, such as a needle, while the preparation is 
in the field of the microscope. With a little practice, crystals may 
in this manner be made to rotate in the mother-liquor. Crystals 
which are precipitated by the addition of some reagent, such as 
nitrate of urea by nitric acid, must be examined in a little of the 
solution. The addition of water would, in many instances, 
destroy them immediately. Beautiful crystals are represented in 
Plates XXXI and XLIII. 

The influence of the crystals upon polarized light (§155) should 
be examined, and in cases in which the nature of the crystal has 
not been ascertained, its angles should be carefully measured, and 
accurate drawings made (§ 68). Their behaviour with chemical 
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reagents is next to be asoertMned, and their solubility in water, 
alcohol, and other fluids must be noted. For these experiments 
different portions must be taken and separately tested in the 
manner referred to in §§ 238, 239. 

A drop of the solution may also be evaporated rapidly nearly 
to dryness, and allowed to crystallize upon the slide without being 
covered over, when the substance will often be found to assume 
a variety of beautiful forms, such as crosslets, dendritic expan- 
sions, (fee, which vary according to the rapidity with which the 
evaporation has been conducted, and other circomstances. 

345. I^peservation. of Crystala as Permanent Objects. — The 
preservation of the more solnble crystals is attended with the 
greatest difficulty, except when dried, in which state their 
characters under the microscope are not well defined. Crystals 
which very readily deliquesce on exposure to air, must be dried 
in vacuo, removed quickly to a cell, the cover of which must he 
firmly cemented down at once. Some crystals may, however, be 
dried and mounted in Canada balsam ; others, such as oxalate of 
lime, cystine, triple phosphate, <fec., can be well preserved in 
aqueous solutions, containing a little acid in the case of the two 
former substances, or an ammoniacal salt, in the latter instance, 
in which the crystals are known to be insoluble, Crystals which 
contain water of crystallization must be preserved in a drop of 
the mother-liquor ; but in many instances they alter much in 
form, and when we come to examine them, instead of finding a 
great number of small, well-formed crystals, as when the prepara- 
tion was first put up, nothing remains but one or two large ill- 
shaped ones. The concentrated mother liquor often acts uppn 
the cement with which the glass cover is fixed on the cell, and 
very soon air enters, and the preparation is destroyed. Many 
crystals may be preserved in strong glycerine without much 
change taking place. I have some crystals of Guinea-pig's blood 
which have been preserved for upwards of three years in this 
medium. 



Of the HARDEifiHa Effects of Chemical Soiutions. 

346. Of the Hardening' Properties of Different Chemical 
Solutions — The consistence of many tissues is so soft that it is 
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Vurious forms of siioiv crvstal?. drawn hy Mr. Glaislicr in tlie winter of 1855. 

Mic. Jouni., V„l. Ill, p. 179. |-^„ f^^^ p„gg -^^^ 



WITH THE MICBOSCOPE. 145 

absolutely impossible to obtain a thin section ; while, by tearing 
off a small piece, the relations of the component parts is usually 
so much altered, as to render the specimen useless for the 
purpose of examination. In this case our only chance is to 
harden the texture by some reagent in such a manner that, 
although its microscopical characters are not altered, a thin 
section may be readily obtained. 

It is even possible in some instances to render a soft tissue 
sufficiently hard to enable us to cut very thin sections, which 
may afterwards be restored to their former consistence by the 
complete removal of the hardening solution. 

The nature of the solution employed for hardening a tissue 
will depend upon the character of the texture itself Many 
tissues may be hardened in alcohol, others may with advantage 
be soaked in a weak solution of chromic acid, which contains a 
sufficient quantity of the solid acid to render the solution of a 
pale straw-colour. Various saline solutions are also sometimes 
employed for hardening tissues, but in consequence of the 
alteration they produce in the texture of the substance, they are 
not well adapted for many microscopical specimens. Boiling in 
water, is often resorted to for the same purpose. In this way 
very thin sections of such textures as muscular fibre may be 
obtained which may afterwards be rendered transparent by 
being soaked in syrup or glycerine, or by the addition of a little 
solution of caustic soda or potash ; nitric acid (§ 227), and a 
solution of sesquichloride of iron are also employed for hardening 
some tissues with advantage. 

The hardening properties of the solutions which I have just 
referred to, depend essentially upon their power of coagulating 
albuminous substances, and in the majority of instances the 
coagulation is associated with a certain opacity quite incom- 
patible with the satisfactory examination of the tissue by 
transmitted light, and as I have before hinted, it is absolutely 
necessary to render such a specimen transparent after the thin 
section has been obtained. It is well to bear in mind that befpre 
we can submit many soft structures to microscopical examination, 
we have to consider what chemical substances are likely to 
harden them in the most advantageous manner for cutting thin 
sections, and if by this process the section be made opaque we 
have next to consider further how its natural transparency may 
be restored. The chemical nature of the substance to be 
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examined, its physical properties generally, its refractive power 
and its chemical composition, are points which it is most 
desirable that every microscopic observer should be acquainted 
with before he commences any particular investigation. 

S47. TUx. iMokhaxt Clarke's Plan of Freparing: Thin Sections 
of the Cord. — By a peculiar method of preparation my friend 
Mr. Lockhart Clarke has obtained most beautiful sections 
showing the arrangement of the nerve-fibres, and vesicles in the 
spinal cord and other parts of the nervous system. The results 
of his observations are recorded in the "Philosophical Transactions 
for 1851," Part II. The cord is first hardened in acetic acid and 
alcohol, when excessively thin sections may be readily obtained 
with a sharp knife. These are then soaked in pure spirit which 
permeates the texture in every part, and drives out the acetic 
acid. It is then transferred to turpentine which expels the 
spirit, and lastly the sections are mounted in Canada balsam. 
Transverse and longitudinal sections of the spinal cord prepared 
by this process are represented in Plate XLV. 

248. Slethod of Senderine: Tissues Hard and Transparent. . 
— I have succeeded in rendering the tissues of the embryos of 
mammalian animals so transparent that the smallest ossific 
points can be seen in the temporary cartilages. To dissect these 
bony points at so early a period, would be a work of immense 
labour, but by merely soaking the whole organism in the solution 
all these points become beautifully distinct. The specimen is to 
be immersed in alcohol to which a few drops of solution of soda 
have been added, and allowed to remain in it for a few (lays. 
When the action has taken place, it is to be removed and 
preserved permanently in weak spirit. I have a beautiful 
preparation of this kind wWch has been kept for nearly ten 
years, and still preserves its character unaltered. The principle of 
the action of the fluid may be explained thus, alcohol alone tends 
to coagulate albuminous textures and render them opaque, at 
the same time that it hardens them. The alkali, on the 
other hand, will render the tissues soft and transparent, and, if 
time were allowed, would cause their complete solution. These 
two fluids in conjunction harden the texture and at the same 
time make it clear and transparent. Many soft tissues may thus 
be hardened suflSciently to enable us to cut very thin sections. 
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TO ILLUSTEATE ME. LOCKUAET CLAEKE's METHOD OF MAKIWO I'ltPPAEATTOMS OF 
THK Sl'lMAL COED. 

¥ig. 214. Loiigihidinal section through tlie spinal cord in the neck ot a cat. re. Posterior 
white column, ac. Anterior white column, g. Grey substance i)et\veeti tlie wliifce 
columns, p. Posterior roots of the nerves, consisting ot three kinds — a, b, and c. 
A. Anterior roots of tlie nerves. AC. A portion of the anterior column, showing the 
arran^tDient of the longitudinal fibres. 

Fig. 215. A transverse section through one-liulf of the lumbar enlargement of the cord, re- 
presenting the course of the fibres of the roots of the nerves, and the transverse 
conimi-isures through the grey substance. The vesicles have been omitted to prevent 
confusion. Thu fibres of the anterior roots, i, j', on reaching the grey substance, are 
seen to diverge and cross each other; and those of the posterior roots are seen inter- 
secting CHch other m everv direction. 

[To face page lift.] 
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Preparations of this kind show how much "may be effected by 
the use o£ very ordinary chemical reagents. By this simple 
process, a minute dissection which would extend over days is 
avoided, the chance of losing some of the small ossifio points is 
prevented, while the structures are displayed far more distinctly 
than could be done by the most careful dissection. 

Doubtless there are many other fluids yet to be applied to the 
purposes of investigation of much greater value than the present 
one, and I strongly recommend observers to take up this branch 
of inquiry and endeavour to discover new modes of preparing 
textures which shall render their minute structure clearly 
demonstrable. 

249. New method of Microscopical Analysis. — Since I have 
been in the habit of using glycerine as the basis of all my inject- 
ing fluids and preservative solutions, I have employed it as the 
solvent of all tests with the greatest advantages. The reactions 
are of course slower, but much more perfect. Crystals can be 
obtained most readily by this process, and as the viscid solutions 
mix very slowly, most perfect crystals of substances which crys- 
tallize with great difficulty in water can be readily obtained. If 
glycerine be added gradually to many solutions of crystalline 
matter, crystals are deposited. The various tests may be prepared 
as usual ; Price's glycerine being used instead of water. The 
iodine reactions can often be obtained most satisfactorily by this 
mode of proceeding. The solutions^ may be kept in the little 
glass bottles described in § 236. Very strong solutions of the 
nitric and sulphuric acids cannot be obtained in glycerine, but it 
is seldom that a stronger solution than one part of acid to five 
of glycerine is required. If a very strong viscid solution of acetic 
acid be required, the acid may be warmed with lump sugar in 
sufficient quantity to make a fluid of the consistence of syrup. 
Glycerine becomes almost the universal medium for the examina- 
tion, preservation, and qualitative analysis of microscopic objects. 
It need scarcely be said that glycerine and syrup are miscible in 
all proportion so that the viscidity of any fluid can be readily 
increased by the addition of sugar to it. See Chapter X. 
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CHAPTEE IX. 

On taking Photogeaphs of Miceoscopic Objects. — 
History. Appabatus. — Camera, with Object-glasses and 
Stage adapted to it — Mr. Wenham's arrangement without 
a Camera — Camera applied to the ordinary Microscope 
— Br. Maddox's Camera — Arrangement of Drs. Aher- 
cromhie and Wilson. IiiLTTmination. — Sunlight — Artifi- 
cial Light — Of Focussing — Of the Olject-glasses — Stereo- 
scopic Photographs. Chemicai, Soiutions. — Collodion 
— Nitrate Sath — Of the Developing Solutions — The 
Fixirig Solutions. Pbaotical MANiPuiiATiON. — Gleaning 
the Glass Plates — Arranging the Camera — ■ Inserting 
the Plate — Developing the Image — Varnishing the Plate 
—Of cleaning Old Plates — Of increasing the Intensity of 
the Negative. Op Peinting. — Prepa/rimg the Paper and 
Printing — Toning Solution — Another Tonmg Solution — 
Fixing Solution — Of Mounting the Prints — Photographs 
of Microscopic Objects for the Magic Lantern. 

It seemed to be a matter of the utmost importance to enter 
more fully into the subject of photography as applied to the 
microscope than in the last edition of this work, and as I have 
not had much practical experience in this department, I have 
sought the assistance of my friend, Dr. Maddox, to whom I am 
indebted for all the valuable and practical details that will be 
found in this Chapter. It need scarcely be said, that success in 
this most beautiful mode of delineating objects depends entirely 
upon carrying out practical details, and although the general 
reader may on this account not take much interest in this 
Chapter, I shall offer no excuses for devoting so many pages to 
the subject. 

A brief history of the application of photography to copying 
microscopical objects will be given in the first place, and a short 
list of reference will be found at the end of the Chapter. 
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S50. History of the Application of Photography to the 
microscope. — Mr. Dancer, about 1840, produced photographs of 
microscopic objects by the gas microscope, the images being taken 
upon silvered plates, also images of sections of wood, fossils, cfec, 
were reproduced on paper and glass plates by means of the solar 
microscope. In 1841, Mr. Eichard Hodgson obtained excellent 
daguerreotypes of microscopic objects. The Rev. Messrs. Reade 
and Kingsley were early authorities in the employment of 
photography in this manner ; also Mr. Talbot. Dr. DonnS, of 
Paris, about the year 1844, or earlier, issued a work on some of 
the branches of microscopic anatomy, in which the engravings 
were produced from plates prepared as daguerreotype plates, 
sensitized, exposed, developed, and afterwards chemically etched. 
The delicacy of some of these engravings was very marked. The 
plates, however, only permitted comparatively few impressions to 
be struck oiF before giving evidence of injury. 

In October, 1852, we find a paper by Mr. Joseph Delves was 
presented to the Microscopical Society of London, and in the 
following number of the " Quarterly Jowrnal of Microscopical 
Science," some beautiful specimens of prints from Mr. Delves' 
collodion negatives were issued by the then publisher, Mr. Highley. 
This was one of the earliest publications with photographic illus- 
trations of microscopic specimens. In the same Journal is a 
valuable contribution by Mr. G. Shadbolt. Since that period the 
employment of photography in this way has become more general ; 
doubtless many have been occupied with it whose names are 
not familiar to us. In Paris M. Naohet and M. Bertsoh have 
obtained excellent results. In Germany, Gerlach, Kolmann of 
Munich, and many others have illustrated memoirs with photo- 
graphic plates. Sir D. Brewster, in his article "Microscope, 
"Encyclopedia Britannica," last edition, speaks very highly of 
some photomicrographs exhibited at the Academy of Sciences, 
Paris, in 1867, by M. Bertsch, the focal length of the objective 
used being half a millimetre. The objects, a diatom from guano 
magnified 500 diam.- ; two specimens of navicula, one x 800, 
the other x 500, the field being rendered nearly dark by oblique 
illumination ; human blood globules X 500 ; and two pictures 
of salicine, one taken by polarized light. M. Hartnach, Sir D. 
Brewster says, has constructed a complete instrument for M. 
Bertsch, the range being from 50 to 1,^00. diameters, and from 
50 to 150 diameters for opaque objects. The extreme detail, 
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beauty of texture, and sharp •delineation of the objects in the 
prints from Mr. Delves' negatives marked a very important step. 
Within the last few months Dr. Maddox has succeeded in 
producing some very beautiful photographs, several of which he 
has placed at my disposal for the illustration of this work. My 
friend has with much labour produced the very satisfactory 
photographs in the frontispiece. He tells me in a note that these 
were obtained in the following manner : — 

" Prints selected from some of my negatives, representing objects 
magnified in various degrees, varying from the 1|- inch objective 
to the Ti^th, were placed on a card in such a manner as to try to 
balance each other in their eflFeots, and such size of card adopted 
that, when reduced one half, it might correspond with the 
dimensions chosen by yourself for the plate. The card of prints 
being placed at the requisite distance, a Ross' 15-iiich focus 
landscape lens was used to obtain the negative copies. 

" To render the minutest lines, especially in the Pleurosigma 
Angilatum, well evident in the negative, it was necessary not to 
carrj the development or intensifying process too far, or these 
became filled up and much obscured, hence the interspaces 
between the figures allowed a little light to pass ; as this seemed 
detrinental and rendered the figures less effective in appearance, 
these Darts have been painted out. 

" The illustrations were photographed with the objective stated 
in ths " explanation." The ^'^th objective was made by 
Mr. Wsnham, and through his liberality placed at my service." 

Man^ of these photographs require the magnifying glass to 
bring cut their detail. 

My f-iend Dr. Dean, of Boston, IT. S., has just sent me some 
very perfect photographs of sections of the medulla oblongata. 
These a-e by far the most perfect photographs of structures from 
the higher animals that I have seen. (" The gray substance of 
the MduUa oblongata and Trapezium," by John Dean, M.D., 
"Smithonian Contributions to Knowledge,^' 173. — Washington, 
1864). 

Man-' anatomical specimens, however, cannot be copied by 
photo^aphy, especially if they be very thick. The yellow colour 
of the tissue in most instances precludes the possibility of making 
a photograph of it, as the transmission of the light is so much 
interfeed with ; and thfe is an especial objection in the case of 
injectioQS viewed as transparent objects, for the tissue intervening 
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between the vessels is often so yellow that these intervals in the 
photograph become as dark as the vessels themselves. My 
friend Mr. Julius Pollock has nevertheless succeeded in obtaining 
for me some very tolerable copies of injections of the distribution 
of the ducts in the liver. By practice, doubtless, many improve- 
ments in the process of taking photographs of microscopic objects 
would be effected. 

When only few copies of a work are required, the researches 
may be very cheaply illustrated by taking photographs of 
drawings. A large drawing of the object must first be made in 
the manner described in § 45. Prom this a negative reduced to 
the proper size is taken, from which any number of copies maybe 
obtained. In this manner I have illustrated my memoir on the 
anatomy of the liver with upwards of sixty illustrations. (" fhe 
Anatomy of the Liver, 1856.") The results were not so satis- 
factory as they might have been, but as all the prints ivere 
prepared at home with very limited appliances, very good pfints 
could not be looked for. When many copies of a work are ikely 
to be required, this mode of ilhistration is not applicable, as the 
original cost of engraving would soon be covered ; but whei only 
a few copies of a great nwitiber of drawings are wanted, thii plan 
possesses decided advantages. 



Different modes of illumination have been em 



iloyed. 



Mr. Delves had used sunlight. Mr. Shadbolt, in 1852, trie! some 
experiments with artificial light, and used with great uccess 
a small oamphine lamp. Mr. G. Busk employed gaslig] t from 
an argand burner in 1854 ; and in November of the sane year 
Mr. Wenham states that, although with the use of camphne and 
gas light he was dissatisfied, yet the succession of electric sparks 
(about 100), from a small Leyden jar of 30 inches coated iurfatfe, 
gave actinic rays of sufEcient intensity to produce a good 
impression on a sensitive collodion plate. Mr. Wenham, lawever, 
upon the whole gave the preference to sunlight. Mr. Jowlett 
also used sunlight, and condensed it from a plane mirror )r solar 
reflector by a six-inch double convex lens. The Rev. Mr. lingsley 
with a special apparatus used the hydro-oxygen light and ;, screen 
of esculine. Mr. Bockett in 1862 tried diffused daylight, illowing 
in some cases an exposure of from 4 to 8 minutes. Dr. lladdox 
has recently succeeded, by using the brilliant Kght emtted on 
the combustion of magnesium wire (l:^-inoh) held in the fllme of a 
small spirit lamp, and condensed by an ordinary condensiig lens. 
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Appabatto. 

Two modes of arranging the apparatus have been devised. In 
the first; the ordinary compound microscope is placed horizontally 
in connection with an ordinary camera by inserting the eye- piece 
end (the eye-piece being removed) into the brass setting of a 
well-made portrait combination (the lenses having been removed), 
and the aperture around the body of the microscope perfectly 
closed by any simple method, as a card cap or cone of black 
cloth or velvet attached to both. 

In the second, the ordinary microscope is dispensed with, the 
objective stage and mirror being adapted to the front of a well- 
made camera in the place of the usual combination ; proper 
arrangements being made for holding the object, supporting the 
mirror, and adjusting the diflferent special parts. The pocket- 
microscope described in § 21 may be adapted to the camera. 

351. Camera -with. Olbjeot-Grlasses and Stage adapted to it. 
— The apparatus used by Mr. Delves was brought before the 
public by Mr. Highley, and very much perfected by him. 
This form of apparatus attracted considerable attention at the 
late International Bxhibiton. M. Duboscq also exhibited this 
arrangement. It seems to meet most requirements for moderate 
distances, but demands especial outlay. Mr. Highley has lately 
introduced further improvements, which makes his apparatus still 
more perfect. {See Plate XLVI). 

Z5Z. Mr. "Wenham's Arrang'smeuts without a Camera. — 
Mr. Wenham dispenses with the use of the ordinary camera, and 
yet attains its purpose most completely with sundry advantages. 
He advises a room to be selected having a window or aperture 
with free access to sunlight. This is closed by a shutter having a 
hole about 3 inches in diameter ; upon the outside of this aperture 
is arranged a solar reflector or plane mirror in such a manner as 
to be capable of being worked round its centre at the necessary 
angle, on the outside, by passing the hand through another hole 
in the shutter to the margin of which a flexible sleeve is attached. 
The microscope body is arranged horizontally on a table or bench, 
so that its axis corresponds to the centre of the aperture. The 
stage with the object slide clamped on it in proper position, is 
placed near this aperture on the inside, the light around the stage 
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being shut off by a piece of black cloth. ' On the bench a vertical 
stand, consisting of a board with a heavy base, is placed at any 
desirable distance from the eye-end of the microscope ; this board 
is supplied with two "under-cut fillets" to hold the sensitized 
plate when ready. The mirror is first properly arranged so as 
to throw an equal illumination on the vertical frame-board, a 
card being previously placed in the exact plane to be occupied by 
the prepared plate. The image is now focussed on the card. 
Supposing the operation of exciting the plate to be done in the 
same room, suflScient light for the piirpose is admitted through a 
small pane of yellow orange non-actinic glass let into the top 
. part of the shutter. When ready the card is removed and 
placed against the open end of the microscope tube, so as to cut 
off all light through it, the plate is drained and placed on the 
vertical frame, the card quickly lifted and replaced against the 
end of the tube in periods varying according to the time of 
exposure necessary from part of a second to half a minute. The 
time required will vary according to the quality of the light, 
the sensibility to it of the collodion or other material used, and 
the facility with which the actinic rays pass through the object. 

Mr. Wenham enumerates several advantages combined in 
this method. The length of base-board is limited only by the 
dimensions of the room. The ease with which any object can be 
included in a definite space. Facility in focussing — a means of 
so placing the card or sensitized plate at any angle to the axis of 
the microscope that the surface may be made parallel to objects 
lying a little outi of one plane, and by having a series of paper 
stops at hatid, .parts situated in planes, slightly removed [from 
each other, can be fbcUssed and impressed alternately. Then 
while the first part is being impressed, the other part is stopped 
off, this is then stopped off, the other part focussed and its image 
allowed to fall in its turn on the unaffected portion of the 
prepared plate. Again the thicker and thinner parts of the same 
object may be exposed for different periods of time, by which a 
uniform intensity may be obtained in spite of the different 
transparency of different parts. 

For the low powers the plane mirror, but for the |-inch 
objective and higher powers some form of condenser is used, as a 
bull's-eye lens, about 3 inches diameter. But for the finer forms 
of objects, as diatoms, the bull's-eye lens is to be combined with an 
achromatic condenser of the form proposed by him in April, 1861, 
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Fij:. 216. Photograpliic microscope camera, useti by Mr. Delves mid arranc^ed l)y Mr. THMiIey. 
Fij;. 217. Stage, mirror, condenser, with adjustment to fit on the end ol the above camera,' as 

recently improved by Mr. Higliley. 
Fig. 218. Another airangeraent with solar condenser. Mr. Highley, 
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for his binocular microscope. This consists of a set of three plano- 
convex lenses varying in diameter from about 1| inch to | an inch, 
placed near to each other with their flat surfaces towards the 
object. These combined possess a very large angle of aperture. 
The small lens being made separable from the others, a large field 
of illumination could be obtained for the lower powers. 

253. Camera applied to the ordinary microscope. — We now 
enter on the plans for employing the microscope and camera 
united. Mr. Shadbolt recommends the draw tube, if any, to be 
removed, and its place supplied with a lining of black velvet. 
The microscope is now arranged and fixed horizontally on a 
board or table, and the body made to correspond to the centre of 
the aperture left on the removal of the lenses from the brass 
setting of an ordinary camera. The intervening space being 
closed in such a way as to exclude all entrance of extraneous 
light. The draw chamber of the camera is employed to vary the 
distance of the image from its object, but is usually deficient in 
length, hence some plan for elongating this chamber is needed. 
Many complain that when using the microscope in this way, 
some uncertainty in the centering and liability to derangement 
when exchanging the focussing screen for the prepared plate, are 
experienced. Gerlach adapts the camera to the top of the tube, 
the microscope being placed upright. (Plate XL VIII, Fig. 228). 

254. Dr.' Maddox's Camera. — The instrument proposed by 
Dr. Maddox, and used by him with considerable facility and great 
success, consists of a microscope having a compass-joint at the 
lower end of the stem furnished with coarse screws, (fee. The 
stage slides along the stem and can be clamped to it by a binding 
screw acting against a guide that runs along its length. This 
stage is provided with small rectangular movements attached to 
the part holding the object slide, and to its opposite side is fixed 
a stout tube to hold an achromatic or some form of condenser. 
The main part of the stem is hollow and receives a strong tube 
furnished nearly in its entire length with a slot that works on an 
internal guide fixed inside the stem. This tube carries at its 
near end an arm, at right angles to which a tube about five 
inches long is screwed on the near side, and on the opposite side 
is fitted an adapter to receive the screw-end of the objective. 
An approximate focus is effected by sliding the stage along the 
stem, and the fine motion by a graduated milled-headed screw-pin. 
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This pin passes through the tube to which the arm is fastened 
and engages in a thread cut in the solid end of the stem. 
A spiral wire coiled in the inner tube reacts on the arm when 
the milled-headed screw is withdrawn. The whole of these 
arrangements are fixed firmly by the screw and nut at the jointed 
ends of the stem to a rectangular cross piece of 3-16ths iron bar 
about two inches wide, the screw passing through a hole near its 
centre. This cross piece is turned down at right-angles on each 
side so as to bring the centre of the short microscope tube in the 
centre of the camera, then again turned at right angles and 
firmly screwed to a stout base-board of deal 1^ inches thick, 
12 inches wide, and 48 inches long, and clamped at each end to 
prevent warping. This is supported over a wide moveable 
triangle (Plate XLYII, Pig. 220) having stout double-hinged 
triangle legs of a height convenient for the operator (3 to 4 feet). 
About 12 inches from the end of the base-board where the 
microscope is fixed, is hinged a stout square frame with a sliding 
door having a central aperture to allow the end of the microscope 
tube to work through, the inside of the aperture is lined with 
leather, and a thick velvet collar is made to slide along the tube 
and abut against the aperture in the door, so as when in use to 
eflfectuaUy cut off the entrance of any extraneous light. The 
frame with door is turned on its hinges, until it stands exactly at 
right angles with the axis of the microscope, and is kept firmly 
fixed in this position by two stout brass strutts with clamping 
screws, that rise from the base-board on each side of the frame 
at an oblique angle 60°. At the opposite end of the stout plank 
is placed an ordinary camera with a moveable door -front having 
a large central aperture. One end of an expanding bellows bc^dy 
is fastened to it, the other end being attached to the door that 
slides into the vertical frame. This belloWs part is made of two 
thicknesses of black twilled calico, having pasted between them a 
corresponding sized sheet of stout brown paper, and folded into 
one-inch plaits when damp, then turned over square to the size 
corresponding to the sliding doors, the corners bent down like 
the bellows of a common accordion, and the overlapping edges 
which are turned so as to face the base-board are double sewn 
together throughout their length ; or for this may be substituted 
a body of black calico, of treble thickness, attached at each end 
to the doors, and kept apart laterally by elastic bands sewn along 
its four edges, lengthwise. The camera is made to slide along 
-the supporting board between wooden guides screwed to its 
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upper surface near the sides, extending from the near end to 
the vertical frame. These have small holes at corresponding 
equal distances of half-an-inch, and projecting from each side of 
the body of the camera is a pierced horizontal ledge of brass 
plate, about 5-8ths wide, that travels over the upper surface of the 
guides on the to and fro movement of the camera, a moveable 
pin on each side fixing it in the place desired. These apertures 
are numbered according to the inches 1, 2, 3, &c., from the 
frame, and thus are of service to note the distance at which the 
sensitized plate is placed from it or from the stage. Memoranda 
being kept, the same ranges can be easily repeated. The draw 
chamber of the camera has its own focussing screw which is of 
use occasionally, but it is not necessary. 

Two diaphragms of blackened stout card are placed within the. 
chamber of this elongated camera, one near to the vertical frame 
or at the junction of the bellows part with it in front, and the 
other is placed in a grooved frame, that slides in a wide cut made 
in the inner surface of the underside of the draw part of the 
camera. This frame holder takes diaphragms with various sized 
apertures, according to the dimensions of the image of the object 
or the glass plates employed. Sliding this forward or backward 
in the camera alters the relative size of the field according as the 
camera is used expanded or closed. The camera is either dead 
blackened or lined with black cotton velvet, and the tube of 
the microscope inside is well covered by optician's charcoal 
black, or lined with black velvet, which is better. 

The mirror or prism is set on a separate arm fixed to the base- 
board, in a line with the stem of the microscope, so that the axis 
shall correspond with the axis of the objective. The apparatus 
can be put together very quickly, or kept ready for use, and is of 
a size that permits of its being moved about easily, without being 
too cumbersome for one person ; and it possesses considerable 
firmness. 

The microscope portion can be supplied by any form of micro- 
scope that will take the horizontal position, and permit the eye- 
piece end of the body to work through the central aperture in 
the front of the bellows-chamber, provided means are taken to 
effect rigidity, and completely shut out the outside light around 
the aperture when working the rack for the coarse adjustment. 
But preference has been given by Dr. Maddox to a tube shorter 
than the usual body of the ordinary microscope, which sometimes 



158 HOW TO WOBK 

narrows the field too much when the camera is nearly closed on 
the vertical frame. The tube consists of two parts, one an inch 
in diameter, fixed to the arm, the other li inches in diameter, 
that slides through the aperture in the door. On the open end 
of the latter fits a dead blackened brass cap, from the inside, with 
a slight internal projecting ledge, which acts as a diaphragm with 
a large opening. 

The description will be more easily understood by a reference to 
Plate XL VII, which represents the instrument partly in section. 
The camera, when drawn out to its full range, has this 
difliculty, that it obliges the operator to withdraw the head from 
the focussing screen at the time of making any alteration in the 
fine motion. A lever arrangement has been used to obviate 
this, but if employed with the high powers demands extreme 
care if there be any slip to the screw. Mr. Legg employed a 
lever crank and arm over the top of the camera, working on the 
milled head of the coarse rack and pinion motion. Prof. Rood, 
of Troy, N.Y., also made use of a rod and lever beneath the 
camera, acting on the rack work, and a hinged mirror placed this 
side of the ground glass to receive the image transmitted to it 
while arranging the object on the stage plate and attending to 
the illumination. 

Dr. Maddox has recently introduced the following plan 
for focussing in the case of his arrangement. A long brass rod, 
with a reel fixed on the front end, is passed through a hole 
drilled through the centre of the cross-piece to which the front 
legs are attached, this end of the rod being conical, to work easily 
in a hole made in a piece of brass plate screwed to the middle of 
the under surface of the base-board ; the other end of the rod, 
with a fixed handle, having a groove cut in it, hangs in a collar 
screwed to the base-board beneath, in the median line. This 
permits of easy rotation between the fixed points. A piece of 
vulcanised india-rubber tube is drawn tightly over the reel. In 
the middle line of the base-board, just below the part where the 
milled screw traverses backwards and forwards in making the 
focus, a hole with slanting sides is cut through. A light brass 
double beam arm hangs on the milled head, and is clamped, when 
required, by a small clamping screw at the centre, to the centre of 
the milled head. A band is passed round the reel through the 
aperture cut in the board, and each end fixed to an arm of the 
beam. When the ordinary focus is made with the camera closed 
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up the clampiiig screw is turned to release the beam, and the focus- 
sing-screw now rotates easily ; when the camera is drawn to the 
distance required, the clamping screw is made to fix the beam. 
The focussing eye-piece is held by one hand, while the other 
turns the rod beneath. If in the first focus the object be well 
focussed into, on withdrawing the camera a very slight alteration 
wiU be needed by the use of the rod. This arrangement is not 
represented in the plate. 

Instead of the beam, if a grooved puUey-wheel is fixed on the 
upper surface of the base-board, the milled head having a groove 
cut in it for the band, the necessary motion can likewise be 
easily obtained. 

The chief requirements in any form of camera, independent of 
the objective or mode of illumination, are general facility of 
management, compactness within a moderate range of extension, 
correct centering, absence from all mbrations, and the total exclu- 
sion of all light except that which enters by the object-glass. 

255. Arrangement of Drs. Aberoromliie and "Wilson I am 

enabled, through the kind permission of Drs. Aberorombie and 
Wilson, of Cheltenham, to mention the plan that has been so suc- 
cessfully adopted by them, and I am glad to find that Dr. Wilson 
is about to give, in one of the current jovirnals, a detailed account 
of the system, which on account of its simplicity, the employment 
of artificial illumination, and the beautiful photographs which 
have been obtained by it, possesses special merit. These gentle- 
men use a stout plank, 6 or 7 feet long, having parallel strips of 
wood along its entire length. At one end, between these, slides 
a piece of wood, to which the microscope is clamped, and on 
which the light is placed, so that light and microscope may be 
moved together. The camera is raised the necessary height on 
a block, and slides at the other end of the board. Thus both 
can easily, still being centered, be made to approach or recede 
from each other singly or together, but it is considered best, as a 
rule, to have the camera fixed, while the microscope travels 
along the board. Two thin strips of blackened wood, diverging 
from each other and connected by parallel cross pieces, are fixed 
at the narrow end to the tube of the microscope with cotton wool 
in such a manner that the extraneous light is totally excluded. 
The diverging end passes to the top of the camera. Over this 
frame is thrown a large piece of black cotton velvet, pile-side 
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inwards. They have used an oil-lamp, and think this suflSoient 
for images enlarged 150 diameters, but for higher powers, as 400 
diameters, they prefer the oxy-calcium light. 

The direct rays from the source of light are condensed by one 
of the Rev. Mr. Reade's kettle-drum or hemispherical condensers, 
either directly or after being first collected by an ordinary bull's- 
eye lens of some 3-in. focus. The time of exposure for wet collo- 
dion plates varies, increasing according to the colour of the 
object, and its enlargement ; — 50 diameters and a tolerably light 
object may need ten minutes with the oil-lamp. By placing a 
small vessel of warm water in the camera, to keep the collodion 
plate moist by its vapour, they have exposed plates for forty 
minutes with success. Some of the prints from these gentlemen's 
negatives are remarkably good ; they possess a peculiar delicacy 
in the half-tones and shadows, with much roundness of the 
objects, but the definition, as might be expected, does not 'quite 
equal, in some of the finest markings, prints obtained from, 
sunlit negatives. However, all of the general characteristic 
appearances of the objects are exceedingly perfect. Great sim- 
plicity in the apparatus, and the immense advantage of useful 
illumination in all weathers, are most favourable recommenda- 
tions. 

856. Of the Ulumination : Sunlight. — Both sunlight and 
artificial light have been used. Dr. Maddox, with the majority 
of observers, gives the preference to sunlight in all cases, and 
nearly always uses some form of condenser. He usually dispenses 
with the mirror, and substitutes one of Abraham's achromatic 
condensing prisms, placed at such a distance from the object ^f 
used alone) that its rays would cross just before reaching the 
object. Otherwise the intense heating power at the vertex of 
the cone of rays would cause considerable danger to the object, 
and might uncement the lenses of the objective of the higher 
powers, especially when the object is only enclosed between two 
pieces of the thinnest covering glass, and the focus very close. 
The prism he seldom employs alone, but places in the tube at the 
back of the stage a condenser. A small Coddington lens, about 
16° angular aperture, served him in the earlier part of his experi- 
ments. This was made to slide in a tube nearer or farther from 
the object. Latterly he has used SoUitt's achromatic condenser, 
as furnishing a larger field and more free from spherical aber- 
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Fig. 321. Photograph plate Iioldci, after Mr. Highley. 

Fig. 323. Sectional views of glass and wood plaie holders. 

Fig. 233, 334, and 325. Three views of a pressure frame used in photographic printing. 

Fig 236. Arrangement of the lenses used for condensing the light of a lump, us arranged by 

Mr. Shadbolt. 
Fig. 337. Arrangement tor obtaining .parallel rays, as recolnmended by Gerlach. 
Fig. 328. Mode of adapting the caniera to the microscope adopted by Gerlach. 
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ration. This condenser, as described by the originator, consists 
of two achromatic lenses with their plane surfaces turned towards 
the object, and of 2 and 4 inches in their respective foci, placed at 
the distance of one and three quarters of an inch apart with a 
diaphragm between them. The four-inch focus lens has a 
diameter of l-^ inch, the two-inch focus lens a diameter of f of 
an inch. Here then we have a large body of light, and a field 
beautifully illuminated when used either with the plane mirror 
or the prism. A series of diaphragms slip into the cap covering 
the small lens, which is turned towards the objects. Sometimes 
Dr. Maddox employs an achromatic doublet of about 22° 
aperture, or an achromatic condenser of larger angular aperture. 
Although theoretically the angular aperture of the higher 
objectives is narrowed by these moderate apertures, practically 
the intensity of the illumination appears to compensate in a 
remarkable manner, as is shown by the perfect delineation of 
some of the figures in the frontispiece. The common plan is to 
use as a condenser the objective next below the one used to render 
the photographic image ; but if any form of solar condenser be 
employed by which the rays become much concentrated, the 
greatest care will be required, to avoid injury to the lenses by 
the intense heat. 

Dr. Maddox has lately used the condenser of three plano- 
convex lenses as recommended by Mr. Wenham, but employs 
with them moveable diaphragms ; these are placed nearer to or 
further from the largest lens, the distance being regulated by trial. 

Prof. Rood, of New York, for his higher powers made for his 
condenser a Wollaston doublet, having an angular aperture of 
44°. He used one of Liebig's silvered mirrors in place of the 
ordinary amalgam mirror. 

M. Neyt replaces the common solar reflectors by a large prism 
with parallactic motions ; to condense the rays an achromatic 
condensing lens of 2f inches diameter is used, and to concentrate 
them still more, 3 other converging lenses are placed in its focus 
in such a manner that they can be used together or separated 
•to meet the power of the objective. He likewise has the objective 
corrected to make the chemical and visual foci agree. In order 
to render infusoria stationary while they are photographed, he 
uses a voltaic stage, so that he can make contact with the poles 
of a Daniel's battery or induction coU at the proper moment- 
The shook suddenly kills the little beings and enables him to 
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secure an image, when otherwise, from their rapid movements, it 
would be a mere accident if the animalcule being in the field of 
view, or in the desired attitude. 

The Rev. Mr. Reads has proposed a very ingenious method of 
using his hemispherical condenser with a solar condenser. The 
rays furnishing light and those giving heat having different 
degrees of refrangibility, we have here the cone of light- 
giving rays formed within the cone of the heat-giving rays, 
the principal focus^ of the latter being at a greater distance from 
the lens than the former. When these rays are permitted to 
cross the axis, their respective situations are reversed. On 
arranging the hemispherical lens, so that it shall be separated 
from the principal focus of heat by the sum of its own focal 
length, the principal focus for light will be found at a greater 
distance than its own focal length ; hence the heat-giving rays 
will be rendered parallel, and the light-giving rays will be made 
to converge to a second focus furnishing light of much intensity 
separated from the heating rays, thus supplying means for using 
an achromatic object-glass for the solar microscope without 
endangering its injury. 

Professor Gerlaqh uses a plano-convex lens with a concave 
mirror. These are placed at such distances apart that the two 
foci meet when the convex surface of the plano-convex lens is 
turned towards the mirror. By this arrangement parallel rays 
are sent through the object. {See Plate XL VIII, Fig. 227.) 

In the ordinary WoUaston doublet the chromatic aberration is 
not corrected, but this does not cause any serious difficulty, as 
by var3dng its distance, the blue or chemical end of the con- 
verging cone of rays can be used to furnish a fi^eld of bluish light. 
Some considerable care is needed in the adjustment of the 
condenser, whichever kind be employed, so as to equalize the 
illumination and avoid sun spots when the mirror is used. 
Mr. Traer got rid of these by making the distance between the 
object and concave mirror rather more than its focus. The 
chief object is to have the full amount of light that will furnish 
a distinct image on the ground glass. Some make their focal 
arrangements in the objective, illuminating the object with day- 
light or a less intense illumination than is to be used in taking 
the photograph. Dr. Maddox found that in doing this he 
seldom secured the best focus, therefore he prefers to focus in 
sunlight condensed upon the object ; now the eye will often 
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catch some fine line or mark distinctly on the ground-glasa 
screen, even without the aid even of an examining eye-piece, 
that could not be seen by daylight illumination, nevertheless 
it is generally desirable to use this little instrument. 

857. Artificial Light — Mr. Shadbolt many years ago obtained 
some beautiful photographs by lamp light. A small camphine or 
paraffin lamp was placed so that the flame was in the axis of 
the microscope. A plano-convex lens of about 1^ inches diameter 
with its flat side to the lamp, and a second smaller one of about 
1 inch in diameter and 3 inches focus, were arranged so as to 
concentrate the rays of light without forming an image of the 
flame (Plate XL VIII, Pig. 226). The first is placed at such a 
distance from the lamp as to make the rays converge slightly, 
and the other at a point where it will include all these rays and 
(in using high powers) the achromatic condenser, so that the lens 
may fall well within the cone of rays. In employing low powers 
the object is made to come within the cone of converging rays. 
The distance of the lamp from the nearest lens to it, is best 
determined by the quality of the illuminated field, which should 
be equally bright, nor should the light enter the objective at a 
greater angle than its own angular aperture. To examine the 
image thrown on the ground-glass of the camera, Mr. Shadbolt 
used a Ramsden's positive eye- piece. 

Mr. Legg, in 1859, made use of artificial light from a camphine 
lamp, concentrating the diverging rays by a two-inch bull's-eye 
lens placed near to the soufce of light, and a second bull's-eye 
lens about three inches in diameter at a distance of an inch from 
the first, by which, with the 2-3rds and 4-lOths object-glasses, he 
could obtain images at 3 feet, in periods varying from 3 to 10 
minutes. 

Mr. Parry, in making use of artificial light, jilaced a plano- 
convex of 1^ inch focus with its plane side towards the object 
about one inch from it, and four or five inches from an 
argand gas burner. The light from an argand paraffin lamp is 
preferable to gas. To increase the fiatness of the field, he fixes 
behind the posterior lens of the 1-inch combination, an achro- 
matic stereoscope camera lens with its flat surface towards the 
objective. The advantage of the brilliant light produced by 
the combustion of magnesium wire has been referred to in 
page 152. 

M 2 
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258. Of Focussing'. — Much care is required in focussing. 
A plan adopted by some is to use a simple lens set as a watch- 
maker's loupe in a card or wooden tube of such a length, that 
when placed at the near surface of the ground-glass screen, the 
focus of the lens exactly corresponds to ths opposite or ground 
side. Others employ an ordinary photographic focussing piece. 
The best is the positive eye-piece, for should the others not 
be truly set, there is danger of the focus catching the image 
either before or behind the screen. 

259. Of the Object-glasses. — Each objective, as furnished by 
our best opticians, is generally sent out not as a photographic 
object-glass, but set as a microscope objective, and so skilfully 
have errors which arise from the thickness of the thin glass 
■cover and non-aohromatioity of the eye-piece been compensated 
for, that the illuminated field is without sensible colour, and the 
edges of objects destitute of chromatic fringes. To accomplish 
this, the objective is left what is termed " over corrected." 

When the photographer employes these objectives, more 
especially the low and middle powers, he finds that either his 
prepared sensitized plate must be moved further away from the 
plane at which the best visual focus was found, or else he must 
withdraw his objective a slight distance from the object, and 
bring the chemical focus to its compensating point for the amount 
of " over correction " that has been given to it by the maker. 
This is not a fixed sum, and may vary in different object-glasses 
furnished by the same optician, when of equal magnifying power, 
or even ground on the same tools. In the construction of some 
of the lower powers a plan has been adopted which, at the 
same time that it does not detract from their optical perfection, 
places the chemical variance at its lowest mean. In the higher 
powers, as from ^th upwards, the difference between the visual 
and chemical foci is so small that it is seldom regarded, except 
in the most delicate work ; but here the disturbance occasioned by 
the cover of thin glass placed over the object, requires the adjust- 
ment between the two posterior combined sets of lenses, and the 
anterior pair or triple lens to be made with the greatest nicety, 
and even then if the best definition is to be obtained in the 
photographs, a very slight alteration of the screw collar will 
be required. It is not possible to determine beforehand the 
amount of alteration in focus needed, and a series of trials will 
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be necessary to establish what adjustment is requisite. The best 
plan is to select an object that has a slight thickness, with parts 
at a distance from one another, lying in three or four different 
planes. Set the objective to the best focus in the microscope, 
then place it in the camera ; focus sharply for the part of 
the object nearest, and in the negative which is taken observe if 
this part corresponds in definition, or if not, which plane of the 
object appears the sharpest. Let us suppose the furthest plane ; 
then observe, by re-focussing, how many divisions of the milled- 
headed screw have been turned through to bring this part into 
as perfect a focus as was originally the nearest plane. This will 
give the variation for that objective under similar circumstances, 
and should be noted. If employed with the deeper eye-piece, to 
increase the magnifying power, with the loss of some definition, 
from the under correction of the eye-piece, a different adjustment 
will be required. Mr. Shadbolt undertook a series of experiments 
for his objectives, of Messrs. Smith, Beck, and Beck's make, when 
he employed artificial light,^ and which he gives as follows : — 

The IJ-inch object-glass to be withdrawn j^th of an in. 
Thefrd. „ „ ^^^ 

The I'sth. „ „ jj'ffj „ 

These can only be regarded as guiding marks for others. To 
)bviate this great inconvenience, Mr. Wenham, to whom we owe 
nuch for the perfection of the binocular microscope, with his 
isual ingenuity, recommended a biconvex lens of low power to be 
iarefuUy turned down to the proper size, and centered in a setting 
hat can be screwed into the place where the posterior diaphragm 
ir stop is usually placed ; thus to lessen the over correction and 
bring the chemical back to the visual focus. He gives the 
oUowing focal lengths of these correcting lenses for Messrs. 
Imith, Beck and Beck's 1^-inch, a lens of 8 inches, focus for the 
rds ; one of 5 inches focus, which is also applicable to the iJths. 

Mr. Hislop advises that a dozen of these, of different foci, 
hould be at hand, and the one that is found to answer best in 
ractice selected. Dr. Maddox has one of Messrs. Smith, Beck 
nd Beck's |, beautifully corrected by them in this manner, and 
. gives surprising sharpness. 

Mr. Shadbolt prefers to find the necessary alteration for the 
)ci of different objectives. It seems almost a matter of regret 
lat opticians have not offered a special correcting eye-piece to 



166 HOW TO WOEK 

be employed with the one-inch or two-thirds objective, so that 
we might obtain, at moderate distances, the advantage of the 
increase in magnifying power, and at the same time preserve the 
unison of the actinic and visual foci, and give a more perfect 
flatness of field ; but in this case the eye-piece would require to 
be most correctly centered, both with regard to itself and in rela- 
tion to the axis of the object-glass. Object-glasses with large 
angular apertures, unless possessing great flatness of field, with 
perfect correction for spherical and chromatic aberrations, cannot 
be expected to supply the most useful photographic objectives. 

260. Stereoscopic Photo^aphs. — Seeing the advantage de- 
rived from the application of the stereoscope in viewing the 
dissimilar images of large objects taken at varying angles, it was 
natural to suppose that an effort would be made to produce 
stereoscopic images of minute objects. Professor Wheatstone 
suggests, in the " Transactions of the London Microscopical 
Society," for April, 1853, a plan of procuring these at the neces- 
sary angles. He proposes that the tube of the microscope should 
have an independent movement of about 15°, " round an axis, the 
imaginary prolongation of which should pass through the object, 
it being indifferent in what direction this motion is made in 
respect to the stand." He proposes also a simpler method, which 
is, to make the object itself partly revolve round an imaginary 
axis within itself, from 7° to 15°, care being taken to render the 
illuminations equal, and avoid interfering shadows, so as not to 
produce pseudoscopic effects. 

Mr. Wenham showed that images of objects could be produced 
with such a difference in the relative position of their parti when 
viewed, by stopping off the alternate halves of the object glass, 
or the emerging pencils from the opposite halves of the eye-piece, 
that these images when reoombined had a perfect stereoscopic 
character. 

'Professor Riddell, of New Orleans, proposes to accomplish the 
same end by inserting, just behind the object-glass, a small 
equilateral prism, arranged on a central axis parallel to its 
polished faces and transverse to the axis of the object-glass, so 
that it can be inclined. The hypothenuse being placed coinci- 
dent with the axis of the microscope ; on making the necessary 
inclination it will furnish the appearance of the object itself being 
moved, and when the image of the object has lieen drawn with 



WITH THE MICBOSCOPE. 167 

the prism in one position it is tojbe altered slightly, and the slide 
moved so as to bring the same part into the centre of the field of 
view, as at first ; it will now have an altered aspect, corresponding 
to the difference in point of view, equivalent to the number of 
degrees of the inclination of the prism, which may vary from 4° 
to 9°. And if the two images of a camera lucida drawing, or 
photographic impression, be viewed stereosoopically, they will be 
found to coalesce into a stereoscopic image. 

To effect this, Mr. Wenham's plan was, to place a sliding stop 
with straight edges against the lens of the objective, so that it 
could be turned to cut off either the right or left half of the lens ; 
he found those of large angular aperture would need only one- 
third of their diameter stopped off. 

Mr. Heisch, in October, 1862, recommended, as an adapter for 
the object-glass, one carrying a tube that can be turned half 
round by a lever outside. In this tube is another, provided with 
a stop, that cuts off half the pencil of light emerging from the 
object-glass ; this sliding tube, when placed in proximity to the 
back lens of the objective, is so arranged that the field on the 
ground glass of the camera shall be equally illuminated in all 
positions of the stop. The image is thrown on a prepared 
sensitized plate for the first picture, the stop is then turned 
round until it stands in a direction opposite to the first position, 
the unimpressed half of the prepared plate is then shifted into 
the field, and in its turn rec.eives the second image. The 
two resulting pictures furnish a stereoscopic effect. He also 
suggests that in objects of thickness the near surface should be 
fooussed for the one and the more distant for the other picture. 

Dr. Maddox produced stereoscopic pictures on one of the plans 
proposed by Prof. Wheatstone, and for this purpose he made a 
small 3J X If inch slide-holder of brass plate having a central 
aperture and a ledge at the top and bottom, in the direction of 
the length, turned up square at right angles. Opposite the centre, 
the ledges were pierced by a small hole about J of an inch from 
the angle of junction ; two thin slips of spring brass being cut to 
the width of the ledges, about U inch long and slightly curved, 
had each a small hole drilled in the centre. Two pieces of hard 
wood were cut into equal triangles, which were each fixed on a 
brass pin in such a position, that when the Uttle triangular 
blocks were resting with their obtuse angles on the upper surface 
of the brass sHde^ the other end.of the pins passed through the 
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hole in the small strips of spring brass, then through the holes in 
the ledges, the pins being now turned up at right angles 
to prevent being carried out of the holes by their springs. An 
ordinary glass slide with the object set up was placed between 
the springs (and rested by its under surface near the edges on 
the upper or horizontal surfaces of the two small blocks), being 
clipped by them sufficiently tight to prevent falling out, when 
the slide was placed vertically on edge. On depressing either 
end of the slide-holder, the object could be made to assume an 
obliquity to the objective, equivalent to the angle found between 
the surface of the little triangular blocks [and the edge of the 
depressed slide when resting on the plane of the brass holder. 
This method answered very well for opaque objects illuminated 
by the Lieberkiilm. The slide holding the object being first 
centered and fooussed, then depressed and re-focussed if necessary, 
to furnish the first picture, then similarly treated on the opposite 
side of the centre to furnish the second. The resultant images 
giving a stereo-picture ; when the left depressed view is 
taken on the right-hand side of the plate, and vice versa, the 
images need not be reversed after printing. He also used for 
transparent objects Mr. Wenham's and Mr. Smith's plan for 
stopping off alternately in front the right and left halves of the 
objective by a small cap with a semicircular aperture, equal 
generally to half the area of the front lens, while with the 
highest powers, he only makes a slight alteration in the position 
of the object and incident light for the second picture. With 
the paraboUic illuminator he did not succeed equally well. 
M. Ifachet, jun., used, if we remember correctly, his polished 
cone of glass with a central stop on its flat surface (for obtainii^ 
oblique light in parallel rays) when photographing opaque 
objects, as the Foraminifera. 

Chemical Soltttioks required. 

The different solutions used in photography must be perfectly 
pure ; this is of the first importance, and observers are recom- 
mended to purchase their chemicals at houses of known celebrity, 
rather than attempt the manufacture. 

aei. Collodion.— Supposing the collodion process to be deter- 
mined on, the pyroxyline should be of the kind produced from 
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hot acidg, carrying just such an amount of water as will furnish 
to -it when dissolved in its solvents, aether and alcohol, a fluid 
flowing freely, possessing considerable adhesive power to the 
glass, and free from fine net-like markings when dry. The 
manufacture of the gun cotton that will furnish these qualities 
requires great experience. The collodion should aflFord, when 
taken from the nitrate bath, not a very thick creamy layer, but 
one slightly thinner than that commonly employed for portrait 
purposes. If it be preferred to make the collodion, we subjoin 
the formula for cotton that will yield the above mentioned film. 
Into a perfectly clean dry close stoppered bottle, put — 
Iodide of ammonium in crystals.* 
Iodide of cadmium, of each, 8 grains. 
Bromide of cadmium, 4 grains. 

Pour on these 13 drachms of absolute alcohol or redrawn 
alcohol, of sp. gr. -805, shake the bottle well ; when dissolved, 
add — 

Pure aether, sp. gr. -725, 12 drachms. 

Weigh out 22 to 28 grains of dry pyroxyline, add it by little 
open tufts to the mixed fluid, shaking occasionally, then wash 
down the neck and sides of the bottle with 8 drachms of pure 
aether. Gently agitate so as not to soil the neck of the bottle, 
and set aside in a dark cool cupboard for three or four days, or 
bnger ; then carefully pour oflF, without any shaking, the half 
into a clean dry close stoppered bottle for use, or better, into one 
of the 4 oz. capped pouring bottles, called " cometless." The 
formula given has been for only 4 oz. of collodion. The absolute 
alcohol can sometimes be a little increased. 

Ses. Nitrate Bath The nitrate bath may be prepared as 

follows : — 

Freshly distilled water, 4 ounces. 
Recrystallized nitrate of silver, 600 grains. 

Dissolve ; test for acidity by blue litmus paper ; if acid, 
neutralize by a few drops of a very weak solution of carbonate of 
soda ; dissolve in a drachm or two of water — 
Iodide of potassium, 1 grain. 

» If the crystals of iodide of ammonium be at all damp, press them 
before -weighing in folds of clean blotting paper. 
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Then drop into it a few drops of the strong solution of nitrate of 
silver untU it produces no further turbidity. Wash the precipi- 
tated yellow iodide of silver, pour off the washings, and add the 
iodide to the strong silver solution ; stir, make up the quantity 
of fluid to 20 oz. by distilled water, and filter if it appear at all 
turbid ; but if not, it is preferable to allow it to settle, then care- 
fully pour off close, and filter the remaining portion into a small 
bottle. This can be used in the after intensifying process, or if 
filtered through a washed filter, added to the stock for the nitrate 
bath. 

The strong solution of silver is oftener rather alkaline than 
acid to test paper, if this be the case, add a few drops of a solution 
containing 1 drop of glacial acetic acid to 1 drachm of distilled 
water, until the test paper remains slightly reddened, or the same 
proportions of nitric acid in water may be used ; the latter often 
works remarkably well with the bromo-iodized collodion, not 
giving intense, but remarkably sharp clean negatives, permitting 
of a rather longer exposure to the strong sunlight without 
staining, and considerable intensifying qualities without blocking 
out the finest lines. To keep up the strength of this nitrate 
bath, add occasionally a plain solution of reorystallized nitrate 
of silver in distilled water, in the proportions of 40 grains to the 
ounce. 

It is desirable to keep this nitrate bath perfectly free from 
dirt or such bodies as are likely to injure it. As there is con- 
siderable difficulty in obtaining the gutta-percha baths without 
impurities, and the porcelain ones are sometimes too porous, a 
vertical glass bath with cover is much to be preferred. It is 
often useful, after a full day's work, to pour the nitrate bath into 
a clean bottle, allow it to settle in this, and then carefully decant 
the clear portion into the bath, after it has been washed out, and 
filter the remainder through a washed paper filter, making up 
the strength, if necessary, by the 40-grain solution. In this way 
there is less likelihood of spots, pinholes or deposit on the 
transparent shadows. 

This bath in winter can be made stronger, and in summer may 
be allowed to fall a little lower. 

363. Of the Developingr Solutions. — Preference is given to the 
formula containing the protosulphate of iron, or the double salt 
of sulphate of ammonia and iron. 
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Crystallised protoeulphate of iron crushed, 200 grains. 

Glacial acetic acid, 3^ to 5 drachms, or, 

Beaufoy's acetic acid of 30° per cent., 10 to 15 drachms. 

The amount of 10 oz. is to be made up with pure water, then 
6 or 8 grains of acetate of soda are to be added, and the fluid 
filtered. More iron should be added to this developing solution 
in the winter months. It is best when a few days old. At the 
time of using, to make it flow freely on the surface of the 
colodionized plate, add of ordinary alcohol from 20 to 30 
minims to each ounce of developing solution, according to the 
condition of the bath. 

The intensifying sohition, useful for deepening more fully 
many of the details brought out by the iron developer, consists 
of:— 

No. 1. Iodine, 3 grains. 

Iodide of potassium, 6 grains. 
Water, 3 ounces. Mixed. 

No. 2. Pyrogallic developing solution, as made with acetic acid. 

Pyrogallic acid, IJ to 2 grains. 

Glacial acetic acid, 20 minims, or 

Beaufoy's acid, 1 drachm. 

Distilled water, 1 ounce. 
This is best when freshly made, or not more than a few days 
old. 

No. 3. Pure nitrate of silver, 30 grains. 

Distilled water, 1 ounce. 

No. 4. Pure nitrate of silver, 20 grains. 

Citric acid crystallized, 30 grains. 
Dissolved in distilled water, 2 ounces. 

264. The Fixing Solutibns may be made as follows : — 
Hyposulphite of soda 4 oz., dissolved in 4 oz. of water. Using 
it repeatedly untU saturated with the dissolved out iodide and 
bromide of silver; but we prefer a fixing solution made by 
dissolving about — 

8 grains of cyanide of potassium in one ounce of water. 

It should be marked poison. As this substance varies in its 
strength, the solution should be made so as to clear the plate 
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in a gradual manner in from one to one and half minutes, but 
not so strong as to destro;f the half tones. The same solution 
can be used repeatedly, or until rendered, by using, too weak. It 
should not be kept exposed to the air. 



Peaotioal MaNIPITIiATION. 

This is naturally divisible into three distinct stages : 1, obtain- 
ing the image on the sensitized plate ; 2, rendering it visible ; 
and 3, obtaining a print upon paper. 

265. Cleaumg' tie Glass Plates. — The glass plates, whether of 
" patent plate," which is the best, or of " polished flatted crown," 
are first to have the sharp edges removed by a grooved roughening 
stone sold for the purpose ; this is best done under a gentle stream 
of water from a tap, that the particles of grit or dust may be 
carried away : the plate is then dropped into a clean pan con- 
taining a hot solution of washing soda in rain or soft water. 
After lying in this for a little time, they are singly washed over 
back and front with a pledget of tow and a saturated solution of 
washing soda, then dropped into clean hot soft water. When all 
the plates have been treated in this way, they are taken out to 
drain, the water thrown away and fresh hot water poured into 
the vessel. The plates are singly dipped under the surface of the 
clean water, then wiped with chemically clean linen cloths, such 
as old napkins, one covering the left hand on which the plate 
rests, the other being used to dry and polish the plate. These 
cloths are not to he washed with soap and water, but to be well 
washed out in hot soft water, containing a little soda, then well 
rinsed in fresh water and dried. 

It is well to keep a stock of plates thus partially prepared. 
To further clean them, examine the plate along the edge, and if 
any very slight curvature exist, let this be taken as the surface 
gn which the collodion is poured. Select three chemically clean 
dry cloths, fold one into double thickness, and on it hold the 
plate in the left hand, face down ; with one of the other cloths 
polish well the back, breathing on it from time to time ; then 
turn it face uppermost, have a little old collodion which may be 
slightly weakened with alcohol, place a pledget of clean cotton 
wool in a small cleft stick or whalebone, dip it into the old 
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Collodion, pass it quickly and well over every part of this surface 
of the plate. With the same cloth that polished the hack, rub 
this off hriskly, then with the other clean cloth finish off the 
polishing, so that when breathed on the surface may present a 
uniform dull appearance without any streaks ; set it face down on 
a clean sheet of foolscap paper, or in a grooved well-closed plate 
box, the finished faces all looking one way. Thus prepare the 
number of plates required for immediate use. If to be kept a 
few hours, wrap them up in another fold of paper, place them in 
a dry drawer, always well noting which is the perfectly cleaned 
surface. If of a larger size than 6 inches square, it will be more 
convenient to clean them on a proper polishing board. Cleanli- 
ness in this, as in the succeeding stages, is absolutely requisite. 
If no old collodion be at hand, a polishing liquid may be made by — 

Howard's precipitated magnesia, 20 grains. 
Strong liquor of ammonia, J drachm. 
Alcohol, 2 ounces. 

This, however, requires to be most carefully removed, in the 
cleaning, from the edges of the plates, or they would soon render 
,the bath alkaline. 

266. Arranging' the Camera. — Supposing the form of appa- 
ratus recommended by Dr. Maddox be selected, we proceed as 
follows : — A room is to be chosen which has a window with a 
south-west aspect, or at least one where the sun's rays enter the 
greater part of the day. The end of the apparatus is placed 
against the opened window in such a manner that the face of the 
prism is directed at right angles to the incident rays ; the legs of 
the triangle are set apart so that the whole stands firmly on the 
floor. The object being fixed on, it is first carefully examined 
under the compound microscope, and if of any depth, the part in 
strict focus when the best general character of the object is 
attained, is well noted. The objective likewise being determined 
on, it is to be screwed into the adapter of the arm of the micro- 
scope. The achromatic condenser is to be placed in the fitting 
on the under surface of the stage-plate. The blackened card 
diaphragm, according to the size of the field desired, is to be 
fixed in the diaphragm frame that works to and fro in the cut in 
the back part of the camera chamber, and the prism so turned 
that the sunlight be thrown on the ground glass-screen; Then let 
the stage be brought up to the position it will occupy for the objec- 
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tive to be in focus, when the object slide is in situ. The value of 
the prism is now apparent, for standing with the face towards its 
convex surface, and turning it on its own parallactic motion, an 
intense image of the sun is soon found, as it were, on that surface : 
the prism is then to be so arranged that the reflected images 
from the lens or lenses of the achromatic condenser and of the 
objective, fall centrally on this sun's image. If the field on the 
ground glass now appears equally bright in all directions, the 
achromatic condenser is slightly altered, to see whether any. 
increase of illumination accompany the change, if not, it is 
returned to its previous position. Should the images not all fall 
into the image of the sun, seen on the surface of the prism, some 
alteration must be made in the part which seems most at fault ; 
but when they all fall into it, and the distance of the prism is 
such that its converging rays just cross before reaching the 
object, the probabilities are that the centering is correct. If the 
prism will not carry a cone of light sufficiently large and bright 
for the lowest powers, as 3 inches, then set it aside and try the 
plane mirror. The object, if in the ordinary 3x1 inch slide, is 
now placed on the stage, the camera bellows-body shut up ; the 
whole apparatus is covered with a large focussing cloth of black 
cotton velvet, except the parts to be exposed to the light, the 
right hand is applied to the slides and the eyes directed to the 
ground-glass screen under the focussing cloth ; the object is now 
placed nearly as possible in the centre of the field, and the 
approximate adjustment made. When once the distance between 
the objective and the object has been noted, with the camera 
nearly shut up, the stage can be made to slide upon the support 
and clamped there, and the fine adjustment left to perfect th» 
focus. If by any change in the stage a diminution in the inten- 
sity of the illumination should occur, then alter the rack-work of 
the condenser and the prism until the best effect is produced, for 
the proper position of the condenser is a very important one, and 
often more trouble to arrange than the focus of the object- 
glass. The object being well centered, the field perfectly bright 
and uniform, see that the velvet collar around the micro- 
scope tube ahwts closely against the aperture in the door of the 
vertical frame ; now withdraw the camera along the base-board 
from the near end, and closely watch the enlargement ; when this 
is determined on, fix the camera by the wire pins to the nearest 
hole in the two wooden guides. Supposing this to be at an 
easy working distance,— watch the image on the ground glass 
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through the focussing eye-piece ; turn the graduated milled- 
headed screw of the fine motion until the same "point as was pre- 
viously noted is brought into a sharp focus. Shoxild the over 
correction of the lens not have been carefully corrected by a back 
lens, as previously advised, proceed to make the necessary allow- 
ance, which experience has determined, by turning back the screw 
of the fine motion, the number of divisions ,or parts required as 
marked on the milled head. If not known, commence the experi- 
ment as before stated (§ 259), and note the particulars. A card 
covered with black cloth or velvet, with its lower edge turned at 
right angles and deeply notched, is now rested on the stem of the 
microscope against the end of the achromatic condenser, facing 
the prism, and this latter protected by a thick fold of qhamois 
leather from the sun's rays. Care must be taken that neither 
surface of the prism is soiled by vapom: nor finger marks ; nor 
must the concentrated sunlight be permitted to remain longer on 
the object than is actually required in focussing, or it may 
become uncemented, and if not injured, it may slip completely 
out of the field. 

This apparatus, if used in the open air, could have the micro- 
scope end to move instead of the camera, but this method is very 
inconvenient, when used near an open window, from the difficulty 
at times to place the prism outside the plane of the window or 
in its best position. 

If the higher powers be used, needing the screw adjustment 
for the correction of the error introduced by the thin glass cover, 
we find it best to make this as nearly as we can when examining 
the object in the microscope, then testing, with the collar set to 
that figure, the image on the ground-glass screen. If the image 
here seems moderately sharp, under the best focussing, a trial is 
made by shifting the collar a very little and watching the appear- 
ance of the image ; sometimes a very trivial alteration wiU bring 
out fine markings much more distinctly ; the focus, if this be the 
case,, will also often require its readjustment ; but before making 
this, it will perhaps, if only trifling, be as well to test a plate, 
when, should the negative be found defective in the parts most 
sharply focussed, try another, withdrawing the objective by the 
miUed-headed screw. It is often in this way that the qualities of 
an objective are rendered evident ; in fact, it often becomes very 
troublesome to ascertain these points for a variety of objects and 
covers. Assuming that the plane of the greyed glass screen, and 
that occupied by the sensitized plate, are strictly alike, if the 
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second image be out of focus, test again with the apparent neces- 
sary change learnt from a close examination of the negative, and 
the image on the screen. When once correctly found, note the 
division of the screw collar and the distance in inches at which 
the camera stands fixed by the pegs, and seen by the figures on 
the guides, as necessary for that, objective used at the same 
distance with sunlight, and for objects covered by glass of that 
substance. If the distance be much altered in photographing 
that object, the chances are, that another readjustment will have 
to be made in the screw collar to attain the best negative. 

Dr. Maddox remarks, that when the edges of objects under the 
higher powers present, on the grey glass screen, a faint tint of 
claret on the one side, and of apple green on the other, that 
great sharpness will often exiist in the negative ; the errors of the 
pairs of lenses balancing one another as regards the actinic focus. 
The roughness of the screen will not, in many cases, permit of the 
eye determining under sunlight the best focus for the minutes 
markings, but hitherto nothing has been found more generally 
serviceable than the finely ground surface. 

Should the object be situated any distance from the thin 
covering, i. e., have much of the mounting medium included 
within that space, although the objective may visually appear to 
work fairly through the depth, it is seldom that the negative of 
the image proves satisfactory. It is far better to remount the 
object, or select another. Indeed, for the finer work, it is advan- 
tageous that the objects should lie closely on the undersurface of 
the thin cover, and if, of the diatomaceous class, they should be 
dried on it before being placed on the drop of balsam warmed on 
the glass slide ; this may likewise be thin, and certainly sho^id 
not be thick. If there be any vibration from unsteadiness of the 
apparatus, or from wind, the operation of determining the best 
focus wUl prove very troublesome. 

367. Inserting the Plate.— The suitable sized plate of properly 
cleaned glass being selected (and the materials required being 
set at hand in the dark room or portion of the chamber, as a 
large cupboard, darkened off for this purpose, and lighted by a 
small oil lamp with yellow glass shade), the plate is held by the 
sides between the fingers and thumb of the left hand, face down, 
the back wiped carefully over with, a dry wide flat camel hair 
wash tool, to remove small particles of cotton or dust ; then taken 
hold by a pneumatic holder in the centre, and the face dusted 
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over with the brush. Before taking the holder in the left hand 
see that the neck and lip of the collodion bottle are perfectly free 
from any portions likely to be carried on to the plate by the 
stream (the finger is commonly passed over these parts to clear 
them away), pour the colodion with a steady flow on to the plate, 
a little nearer to the left hand than its centre ; while flowing, 
depress the lower and upper left comers, gradually, to bring the 
collodion fairly to their edges, at the same time that the pool is 
being increased by pouring, and then lower the plate to flow the 
fluid to the right further corner, and pour ofi' at the lower one 
into the bottle, resting the sides of the angle on the lip, and 
rocking it keep the plate slightly inclined ; drag off', as it were, the 
lower part against the neck of the bottle, close it, and hold the 
plate horizontally by the pneumatic holder for 10 seconds to 
^ a minute, or even more, according to the setting quality of the 
collodion ; if this be slow, it wiU be better to rest the holder on 
some flat place or shelf, that the warmth of the hand may not 
cause unequal evaporation — once seeing this well done is better 
than a lengthy description. Detach the plate from the holder 
and place it on the fluted glass dipper, to be plunged at one 
gradual stroke into the nitrate bath. Here it is allowed to 
remain for 1 minute, then raised and lowered several times so as 
to wash the surface well, and permitted to remain in the bath 
for one or two minutes longer, when the dipper with plate is to 
be steadily withdrawn ; the plate removed, and rested by its lower 
edge on a pad of clean blotting paper, the dipper returned to the 
bath, and the back of the plate wiped with a pledget of clean rag, 
being gently steadied by the top corners between the thumb and 
fingers of the left hand, which must be dry and clean. Open the 
back of the plate frame and place with the right hand the plate 
into the frame, which should be dry and free of dust, face down- 
wards, close the back, cover the frame with a large piece of black 
calico, and carry it lower edge down to the apparatus, rest it 
against the wall or table. Be-adjust the prism, remove the 
focussing screen, having glanced at the image on it, set the 
covered card against the achromatic condenser, pass the slide holder 
under the focussing cloth ; into the position of the greyed screen, 
lift carefully the shutter of the frame, the hands being under 
the cloth : — let all remain for a moment or two that vibrations 
may cease, snatch away the card without shaking, and replace 
it quickly, allowing a period from half to 25 or 35 seconds for the 
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image to be impressed ; the time must be learut by practice ; 
close the shutter gently, withdraw and replace the frame in the 
cloth, pass the focussing screen into its place, again snatch away 
the card and observe the image, then cover the prism and return 
with the slide holder to the dark cupboard, and proceed to 
develop the picture. The reason for the re-observation of the 
image is, to see if the object and its fodussing have not been in 
any way deranged, so that if the development brings out a good 
image, it can be repeated without the necessity of returning to 
the camera before the second plate is ready. 

268. Developing' the Imag'e. — ^Let us suppose the plate to be 
,.a small one, first see that the nitrate bath is carefully placed out 
of the way of aU splashes, pour into a clean developing glass an 
ounce or more of the iron developing solution, add the necessary 
quantity of alcohol, and mix ; remove the plate from the holder, 
rest it face up on a levelled developing stand set in a large basin 
or pan, clip the left hand opposite corners between the finger and 
thumb, and commence the second step by flushing the surface 
with some of the iron solution ; tip the plate about that the 
liquid may quickly flow up to all the edges, then move it gently 
about on the top of the stand : the light from the protected lamp 
falling nicely on the surface, \yatch for the appearance of the 
image ; this, if all be correct, will increase steadily up to a 
certain point, when, if left longer, the plate will begin to grey all 
over ; just before this would take place, or according to experience, 
tip up the plate to throw off the developer, examine it 
momentarily before the lamp, and if the image appear nicely out 
in the detail, flush the plate well with water to remove all the 
iron. Now examine the plate more carefully by transmitted 
light from the lamp with yellow shade, and judge if it be worth 
continuing the other operations ; reflush again with water, pour 
off, and now pour on the fixing solutions— we give the preference 
to the cyanide of potassium— pour this along the thickened part 
of the collodion, let it pass over all the plate, and in a minute, or 
a little more, the plate will be cleaned of the unaltered bromo- 
iodide of silver. Wash well front and back with clean common 
water from a jug, or small tap, protected by a piece of flannel 
tied loosely over it, drain the plate for a moment, and pour on it 
along the edge suflicient of the intensifying solution of iodo-iodide 
of potassium, to well cover the surface ; allow this to remain on 
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the plate until the grey color of the image passes to a warmer 
tone (two or four minutes or more), pour off the fluid, carry the 
plate to the light, examine it quickly with a hand magnifier ; if it 
now has the appearance of being well in focus, return to the closet, 
wash the plate well with common, then clean with fresh rain or 
distilled, water ; let this stand on it whilst you pour into another 
clean developing glass about 2J or 3 drachms of the pyrogallic 
solution ; add to this from 6 to 10 drops of the 30-grain nitrate of 
silver solution, and 2 to 4 drops of the citro-silver solution, mix 
these by well twirling the hand holding the developing glass, 
pour off the water from the plate, and carefully pour on along 
the edge, or corner, this mixed fluid, so as to flow to the edges ; 
rock as before ; after a brief period, according to the appearance 
of the image, return the fluid to the developing glass and pour on 
again ; repeat this several times, just holding the plate in the 
intervals between the eye and lamp to judge of the increased 
intensity, which, when it appears sufficient, should in the darkest 
parts permit the flame of the lamp to be just seen through them. 
Now wash well with water, finish with a little soft water ; with 
a small towel wipe the back, and se^ the plate to drain in a plate 
rack, attaching to the lower corner a small piece of blotting 
"paper, or the plate can be dried off at once over the lamp. It is 
sometimes difficult to judge of the real intensity gained 
under this treatment, when the image is observed by the light 
from the protected lamp, therefore, after the flowing over of the 
iodide of potassium solution, the remainder of the operations can 
be conducted by the direct light of the small lamp. 

Should the development have been carried a little too far, or 
should the fine transparent markings appear thickened or 
clouded, before setting up the plate to drain, flush the plate with 
a mixture of equal parts of the cyanide and iodide solutions and 
distilled water, then well wash. Under this treatment many of 
the minute spots and half toned points become remarkably 
brightened. Some prefer to intensify before using the cyanide 
solution, by, first, under non-actinic light, after the iron developer 
has been well washed from the plate, pouring on the pyro solution, 
returning it to the developing glass, then adding the mixed silver 
solutions and repouring on and off the plate, until the image has 
been brought up to the necessary intensity, when it is to be well 
washed and then treated with the hypo fixing solution or the 
cyanide. These are returned to their vessels (short wide-mouthed 

N 2 
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bottles or jugs are convenient), and can be used over and over, 
again, adding fresh quantity as occasion may require ; but in the 
case of the cyanide solution, it must not be left exposed, for it soon 
loses cyanogen, and the vapours are deleterious. £eep the hands 
continually wiped in these operations. If the plate, after the 
application of the iron solution and cyanide solution, have the 
appearance of under exposure, image indistinct in detail, or of 
being over exposed, image of a too dark and uniform character 
throughout, or of being out of focus, it will not be worth while 
to proceed to further develope it : wash it and carry it to the 
light, examine it with the hand magnifier, as some part, not that 
specially focussed, may appear the sharpest and serve to indicate 
the alteration required on re-focussing. If any extraneous light 
should have entered, through defects in the camera or at the 
vertical frame, or from the slide-holder, or when preparing the 
plate in the darkened closet, or before applying the fixing 
solutions, or if the nitrate bath and chemicals be not in perfect 
condition, the plate when cleared wiU appear fogged or misty, and 
not yield good prints. 

Generally it is advisable, wjien the negative is good, to take a 
second one under the same arrangements, only re-arranging the 
prism ; seldom can the exact relations be re-established, and after 
the rendering of another negative, it may be found that the little 
alteration in the illumination, not visible on the screen to the 
eye, has given a more perfect character to the image, or further 
developed some of the finer markings. It is also most convenient to 
follow up the operations, by taking photographs of the objects that 

are most suited for the present arrangement of the camera and lens. 

ft 

269. Varnishing' the Plate. — When the plates are dry, clean 
off the edges with a damp cloth held on the forefinger nail, wipe 
well the back, and hold the plate before a clear fire until 
moderately warm to the back of the hand ; take it by one corner 
and pour on the varnish (Soehn^e we employ). Allow it to flow 
freely over the surface and remain for half a minute or less on it, 
then pour back the surplus into the bottle from one corner, not 
rocking the plate ; let it drain a little, then hold the plate towards 
the fire vertically, the edge from which the varnish was poured 
being downwards, and wipe this edge with a piece of rag to 
prevent a thickened line from being formed and extending 
inwards as the plate dries. 
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870. Of Caeaning Old Plates. — The soiled and used plates can 
be cleaned by the fresh use of washing soda ; and those varnished 
can often be easily cleaned by being allowed to soak in a very hot 
strong solution of this substance, or rubbed with a pledget of 
tow dipped in nitric acid; but to be re-used they must be 
cleaned with great care. 

S71. Of increasing' tie Intensity of the Negrative. — There is 
much diflSculty to obtain a clean dense negative, that shall 
preserve distinctness in the finest markings, and when the 
attempt is made to procure greater intensity by the intensifying 
processes, the fresh deposit of silver, with the apparent shrinking 
of the collodion in drying, will often so completely close up these 
lines, that their definition becomes lost in the print. To 
endeavour to stiU preserve these and add printing intensity to 
the negative, some employ a solution of bichloride of mercury. 
Dissolve in distilled or soft water, 2 oz., 12 grains of the bichloride of 
mercury or corrosive sublimate ; label the solution Poison. After 
developing with iron, washing and continuing the development 
with the silver and pyro solutions, fixing, and re-washing, 
the plate is flushed with the sublimate liquid (which is allowed 
to remain on, until the image becomes of a dark grey colour ; if 
the solution be used weaker, 2 grs. to the oz. of water), then well 
washed, and recovered with a weak solution of iodide of potassium 
from 1 to 2 grs. to the oz. of water ; this will give the image a dirty 
grey or green tinge, which will often dry of a darker colour. The 
bichloride can also be used after the iodide of potassium solution 
has been washed off, and after washing off with water, the plate 
may be covered with an old weak solution of hyposulphite of 
soda, or a few drops of the strong liquor of ammonia in half-a- 
pint of water. In cases in which the bichloride has been used to 
add to the intensity, the negatives, when dry, often present a 
remarkable sharpness ; but it is no uncommon thing to find that 
when the plate has been dried, spontaneously even, the moment 
it is handled the collodion flies and cracks often into the image ; 
to prevent this it is requisite.to pour over the plate, after the last 
washing, a weak mucilage or gum water. In this case care must 
be taken to well dry the plate prior to varnishing, as gum is to a 
small extent an absorbent of moisture. 

The third stage in the manipulation closes with the production 
of the image on paper, technically called Printing. 
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Or PmifTiifO. 

The negative, if it be preferred, can be handed to a professional 
photographic printer, but if so, he should be acquainted with the 
character of the object, or have its chief points named to him, 
otherwise a print may be returned bearing anything but a 
semblance to the real appearance of the object, as seen in the 
microscope ; the tendency generally being to over-print and render 
a delicate object heavy and out of all character, just as a light 
haired child is sometimes transformed, in a photograph, into one 
with raven locks. We shall complete this chapter by offering such 
instructions as may at least enable the amateur to print for himself. 

272. Preparing the Paper. — Select albumenised paper, the best 
procurable, either Rive or Saxe, and such as is used for the finest 
cartes de visite. Cut the sheet into six equal parts or to the 
size convenient for sensitising, or according to the size of the 
negatives, taking care not to soil the surface with the fingers. 
The prints can be taken after floating the paper on either a 
strong or weak solution of nitrate of silver. 

The strong is made with with 80 to 100 grains of the nitrate to 
1 oz. of distilled water, and one dropof pure nitric acid to 4 oz. 
of fluid. This strength is generally adopted. 

The weak consists of 20 to 25 grains of nitrate of silver and 
40 grains of nitrate of ammonia to each oz. of distilled water, and 
no acid, unless the nitrate of silver be alkaline. These solutions 
must be kept from the light. Pour suflnicient of the one selected, 
into a perfectly clean flat glass or porcelain dish (used only for tffis 
purpose) to the depth of a quarter of an inch at least. In a 
room admitting yellow light, or light through a thick yellow 
curtain. If the strong solution be selected for use, float the piece of 
albumenized paper, face down, on it, from 1 to 2 or 3 minutes. 
This is conveniently done by taking opposite angles of the paper 
turning them back towards each other, with both hands lowering 
the paper on to the surface of the fluid, and depressing them 
towards the dish, allow the angles to drop gently down. 
After a few moments lift with the bone forceps each corner, 
to see that no air bubbles are underneath, and allow the 
paper to remain the time specified (one minute with the 
100-grain solution, three with the 80-grain). The parties 
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from -whom the paper is purchased will state the proper time for 
keeping it in the solution ; the object being to convert the 
salting material used, into chloride without the nitrate soaking 
too much into the substance of the paper, in. order that the 
print may be kept well to the albumenized surface. 

If preference be given to the weak solution, then with equal care 
float for 5 minutes. Remove the piece of paper by one corner, 
gently raising and slowly drawing it along the surface ; pinch 
the corner, pass a clean pin through it, and pin it up to drain, 
attaching a small piece of clean bibulous paper to the opposite 
end; prepare a similar piece, and so on, but not more than 
is likely to be needed in one day's work. When the surface is 
dry, pass the pieces into a large box lined with blotting paper, and 
having a thick brown paper or black cloth cover over it, and a 
stove brick previously warmed in the oven, or a corked jar of hot 
water inside. Here the papers are dried somewhat quickly, then 
placed in a clean blotting case to flatten ready for cutting to the 
proper sizes. 

The negatives are wiped and placed in the printing frames 
face uppermost, the prepared paper sensitized surface downwards, 
a pad of a few leaves of ordinary red bibulous paper placed on it, 
and the back of the printing frame fixed closely in its proper 
positi6n. These frames are then to be carried out under cover of 
a cloth, and placed on a window ledge or table at an open 
window, in such a manner that the surface of the negative 
may rest nearly at right angles to the sun's rays, if printed in 
sunlight, or looking towards the sky if printed in a north or 
diffused light. If the negative be a strong or dense one, it will 
reqmre direct sun-light, and the print should be removed when the 
shadows are bronzed, or it will appear over-printed. If the nega- 
tive be a weak one it may be better to print in a north light, and 
should the weak solution have been used it will not be necessary 
to print quite as deeply as when the strong is employed, yet 
quite as intensely as it is desired the print shall remain when 
finished. If any of the weak paper be left it will keep very well 
for twenty-four hours inclosed in a clean blotting case under 
pressure, but the chances are the prints will not tone equally 
fast or evenly. Preservative cases can be used to put the extra 
stock of sensitized paper in. When the prints are removed from 
the printing frame put them in a dark drawer or book until the 
rest are finished. Place on the table two clean flat dishes of 
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some size, into the first pour filtered rain water to the depth of 
half an inch, into the second a similar quantity of common water. 
Into a third dish, with deep sides, pour ahout a quart of water 
and half a drachm of the crystallized acetate of soda. 

Remove the prints and float them face down on the water in 
the first dish, — when the surface is covered, gently tip the dish to 
wave the water across the printed surface without wetting the 
backs of the prints.. After ten minutes lift them singly, and wipe 
across the wet side with a clean glass rod, then float them again 
on the water in the second dish ; relay the first, and at the end 
of a like period treat the prints from the second dish as before, 
and push them into the water in the third dish — here keep them 
well stirred about and under the surface. In this they may 
remain half an hour. Some merely wash the prints in a large 
quantity of water. 

S73. Toning: Solution. — The toning solution is prepared as 
follows : — 

S drachms of distilled water. ' 
7i grains of chloride of gold. 

1 drop of hydrochloric acid is to be added to the above 
solution, which must be kept in a stoppered bottle in the dark. 

The albumenized paper having been prepared, pour one drachm 
of the gold solution into a clean developing glass or measure, 
and add one ounce of distilled or soft water. Into another clean 
glass vessel put half an ounce of soft water, and 5 grains of bicar- 
bonate of soda. Part of the soda solution is to be added to the gold 
gradually, stirring during the time. The solution is to be tested 
with blue litmus paper. The addition of soda solution is to be 
cautiously continued, until the paper is no longer reddened. A 
drop or two more of the soda is then to be added, and the 
neutralized solution of chloride of gold poured into a clean 
small flat dish, and mixed with about 8 ounces of soft water. 
Set this near to the window screened by the yellow curtain. 
Remove the washed prints from the third dish, wipe them back 
and front with the glass rod, and lean them against the inside 
walls of the dish to drain ; then remove them and pass them into 
the toning sohition. Here they are to be kept in motion ; as they 
appear to darken, just lift the curtaiu aside and note the tint 
they have assumed by daylight, but they must not remain 
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exposed to the light any time, or the white parts will be injured. 
The other dishes should likewise be attended to and covered over 
with a sheet of paper to keep the light from them. When the 
prints appear to have the desired tint, from a warm brown, 
through neutral tint to nearly black, begin to remove the most 
toned, wipe them with the rod and pass them into a dish of clean 
water. The quantity of the toning solution prepared, must be 
in proportion to the size and number of prints. 

The unaltered chloride of silver has now to be removed from 
the paper. 

274. Another Toning Solution. — One grain of chloride of 
gold, or 1 drachm of the solution, is to be neutralized with 
bicarbonate of soda in 9 or 10 ounces of soft water, then half a 
drachm of the crystallized acetate of soda is to be added. This 
is to be used the day after making ; it keeps well, and can be 
strengthened by adding freshly-made solution prepared somewhat 
stronger. Occasionally the neutral or alkaline solution of gold- 
bath will not act ; but if the dish be set over a jug or basin of hot 
water, the toning action will commence, or a few drops of the 
chloride of gold may be added. Good toned prints have also 
been produced by using the weakened neutral solution of gold 
and soda for the next lot of prints, adding some fresh solution of 
gold. Other toning solutions are made with biborate, or phos- 
phate of soda ; also with chloride of lime. If the toning 
solution with acetate of soda be employed, it will not be necessary 
to use the acetate in the third dish of wafer. The object is to 
remove all the free nitrate of silver, that the gold bath may not 
be speedily decomposed. 

275. Fixing- Solution. — The fixing solution is made by putting 
into a gutta-percha dish, kept for this purpose only, according to 
the size and number of the prints, — 

2 ounces of hyposulphite of soda to 8 or 10 ounces of soft water. 

As a precaution, in case the hyposulphite should be acid, a 
small lump of chalk or whiting is to be added. Remove the prints 
from the water, drain well, if convenient, against the sides of the 
dish, then pass them singly into the fixing solution, keeping them 
there, in the case of a thin paper, for 10 minutes, and a thick 
paper for 15 minutes. They must be kept in motion. These 
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different processes should be conducted more or less continuously 
so as not to lose time. 

When the prints are removed from the hyposulpite, drain well, 
then pass them into a vessel of clean water, which should be 
changed often during the first hour, draining completely each 
time. They may then be left for 6 hours, the water being 
changed perhaps every half hour. They are to be finished by 
soaking them for a short time in hot water. After this they are 
pinned up as before, and a piece of bibulous paper attached to 
the opposite end, so that the fluid may be drained off quickly. 
The hyposulphite solution should be used when freshly made. 

276. Of mo-anting' the Prints. — The prints when dry are un- 
pinned, pressed in a book or ironed on the back, then trimmed, and 
usually mounted on card, first laying them in the folds of a damp 
cloth, and the cards in another damp cloth. When the prints 
lie flat, they are to be removed to a clean surface of paper, and a 
stiff brush with thick mucilage from dextrine, or thick white 
starch paste, passed once over the back of the photograph, which 
is then placed on the card in the desired position. A clean fine 
cloth is passed over it, and the print pressed equally all over. 
Some use thin Scotch glue instead of mucilage. 

When the cards are nearly dry, they should be passed through 
the rolling press. 



To enter more fully into the particulars connected with each 
branch of this study would be beyond the limits of this work. 
To those who desire more explicit information I must refer to the . 
different works written on photography, especially to the excel- 
lent manual of my friend the Rev. Mr. Hardwioh. Many useful 
hints will be found in the " Photographic News Almanack " for the 
current year. The appended list of references is, I believe, the 
most perfect which has yet been published ; for this I have also to 
thank Dr. Maddox. In this department of microscopical work 
there remains much to be done, more particularly in reference to 
the use of artificial illumination and possibly the employment 
of the polariscope. This application of photography is somewhat 
limited, because it is not possible to obtain objects upon widely 
differing planes in focus at the same time, but if a proper 
selection of objects be made, far greater accuracy in the 
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delineation of minute parts will be gained than the draughtsman 
can possibly obtain. 

Photographs of Microscopic Objects for the Magic Lantern. — 
Although no means are yet known by which a minute object 
magnified by the higher powers of the microscope can be thrown 
upon a screen so as to be seen by a number of persons at once, 
almost the same result has been obtained by magnifying the 
photograph of the object in an oxy -hydrogen magic lantern. 
Mr, Highley has been very successful in carrying out this object 
{see his paper read before the Society of Arts, January 14th, 
1863). 

As these photographs abound in delicate detail, an oxy- 
hydrogen or electric lantern with achromatic lenses is necessary for 
their proper display. The lantern and arrangements for producing 
the light are shown in Plate XLVII, Fig. 219. The lantern 
should be made of old seasoned mahogany, so that warping 
may not be produced by the very intense heat of the lime light. 
Behind the spring stage, which carries the photographic slide, is 
placed a combination of two lenses, 4 inches in diameter, called 
" the condenser," its office being to concentrate the light emitted 
by a cylinder of lime rendered incandescent by an ignited jet of 
oxy-hydrogen gas, upon the surface of the photograph, through 
which it passes, and then converges upon an achromatic com- 
bination placed at a proper focal distance in front. The rays on 
passing onwards diverge, and the enlarged shadow of the photo- 
graph is projected upon an opaque or transparent screen. By 
this means all the details of an object less than a pin's point in 
size may be shown with perfect definition, twenty feet in diameter. 
The hydrogen may be obtained from any house gas-supply by 
simply connecting the tap of a gas bracket by a piece of flexible 
tubing with the hydrogen tube of the jet. The oxygen is 
obtained by heating a mixture of chlorate of potash and oxide of 
manganese in a proper retort, and collecting the gas in a wedge- 
shaped gas-bag, after passing it through a washing bottle to 
purify it. The stopcock of the gas-bag is connected with the 
oxygen tube of the jet by flexible tubing. The jet is so arranged 
that it is impossible for any accident to occur in the shape of an 
explosion, the gases only being combined at the extremity of the 
jet. 
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Trans. Mio. Soc. Lond., in Quart. Journ. Mic. Science, Ap. 1853. 
Papers by Delves, Shadbolt, Highley. 

Ditto, July, 1853. Binocular Vision. Wheatstone. 
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Mic. Objects. Wenham. 
Encyclopoedia Britannica. Art. Microscope, 1857. Brewster. 
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Oxyl,jdrogen lanterr, with ps l,a<:,&c., ns arranged l,y Mr, Highley for tlu-owin. the 
photograplis of microscopic oljjects upon u screen: '"""""» """' 
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CHAPTEE X. 



!Nbw Methods oe Peepabation. Oe Staisting Tissues. 
— Process followed hy the Rev. Lord 8. Q. Oshorne — 
Gerlach's Method of Staming —r Thiersch's Method — 
Thiersch's Lilac Colouring Fluid — Anilin Colours — 
Blue Colours for Staining — Tannic Acid — Solutions of 
Nitrate of Silver — Other Metallic Salts — Modification of 
the foregoing plans. The Authoe's new Method of 

PeEPAEATION EOE ExAMIlflNG TiSSTJES WITH THE 

Highest Powees. — Conditions to he fulfilled — Action of 
Crlyeerine and Syrup — The Injecting Fluid — The Carmine 
Fluid — Other Colouring Solutions — Qh/cerine and Acetic 
Acid — Chemical Reagents in Olycervne — Acetic Acid 
Syrup — Potash and Soda in Glycerine — Chromic Acid 
and Bichromate of Potash — Of the advantages of viscid 
media for the Dissection of Tissues — The practical 
method of preparing Tissues for examination with the 
Sighest Powers — Of the preparation of Sard Tissues — 
New Theories relating to Structure and Growth arrived 
at hy this mode of investigation. 

In this CJhapter I propose to give a brief account of some of the 
methods employed for staining tissues, and to describe in detail 
the special method I have myself found it necessary to adopt 
in carrying on investigations upon the structure of various 
textures with the highest powers of the microscope yet made. 
By this process, sections of every tissue may be prepared so that 
they may be examined by powers magnifying 2,000 diameters or 
more, and vessels may be injected and displayed in the same 
sections as other tissues. 

This part of the subject, although of the greatest importance 
to the more advanced student, may, nevertheless, be studied by 
beginners who have honestly gone through the tables at the end of 
the volume. After the elementary principles have been mastered, 
the sooner the observer becomes familiar with the process of 
staining tissues, and the principles by which exceedingly Ihiu 
sections may be obtained, the more quickly wiU he be in a con- 
dition to commence original research, and to improve upon the 
methods of investigation now in use. 
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Oe SiAiNiifa Tissues. 

The plan of staining tissues artificially, is one from which 
the greatest advantages have been derived already, and 
it is qmte certain that, by modifications of the processes 
now employed, new and most important facts vfill be eluci- 
dated. This process of staining is one of the most valuable 
additions to our means of investigation that has ever been 
discovered. But it has not been sufficiently pointed out 
that the process of staining may be employed for very different 
purposes. 1. For staining the tissue or formed material. 2. For 
staining the nucleus or germinal matter. Neutral, acid, or 
alkaline fluids, will effect the first ; but alkaline fluids, which 
possess considerable penetrating powers, are specially adapted 
for the second and most important object (see my " Lectures on the 
structure and growth of the tissues," May, 1861). An alkaline 
solution of carmine passes through the tissue, comes into contact 
with the germinal matter, by the acid of which it is decomposed, 
and the carmine is deposited so that it cannot be soaked out by 
the action of glycerine, as it may be from the matter of the 
tissue. Hence, in all cases, by taking certain precautions, we can 
always distinguish in any given tissue what parts are living and 
growing, and what parts have already been formed and have ceased 
to undergo vital changes. This matter is further considered in 
§ 303. 

278. Process followed by the Eev. Iiord S. Or, Osborne 

Welcker was, I believe, one of the flrst observers to employ 
a solution of carmine for the purpose of staining the nuclei of « 
tissues, and Gerlach was an early and most successful advocate 
of this plan. It has been, but I think wrongly, stated, that 
Gerlach was the flrst who employed this process. The date of 
Gerlach's work is 1858 (" MihroshSpische Studien aus dem Oebiete 
der Menschlichen Morphologie." Erlangen). But in June, 1856, 
the Eev. Lord Osborne showed that nuclei were more deeply 
tinged by carmine than other parts of the cell. (" Vegetable cell 
structure and its formation, as seen in the earhj stages of the 
growth of the wheat plara"). See also the plate accompanying 
this paper (" Trans. Mic. Soc," Vol. v, Plate iv, 1856). Lord 
Osborne allowed the plants to grow in the carmine solution. The 
growing parts were stained most successfully. 
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279. Gerlaoh's SCethod of Staining:. — Qerlach used first a 
concentrated solution of carmine in ammonia, and placed the 
sections of brain and spinal cord previously hardened by chromic 
acid, to |be tinged, in the carmine fluid for from ten to fifteen 
minutes. They were then well washed in water for some hours, 
and treated with acetic acid. The water and acid were removed 
by immersion in alcohol. The sections were afterwards mounted 
in Canada balsam. Gerlach found that dilute solutions (two or 
three drops of the ammoniacal solution of carmine to an ounce of 
water), and maceration for two or three days, afforded better 
results. 

880. Thiersch's Method. — Prey ("Das Miokroskop'") gives 
Thiersch's methods of colouring tissues by carmine. Some of 
them are as follows : — 

Thiersch's red colouring fluid — 

Carmine, 1 part. 

Caustic ammonia, 1 part. 

Distilled water, 3 parts. 
This solution is to be filtered. 

Oxalic acid, 1 part. 
Distilled water, 22 parts. 

One part of the carmine solution is to be mixed with 8 parts 
of the oxalic-acid solution, and 12 parts of absolute alcohol are to 
be added. 

If the solution is orange-coloured instead of dark red, more 
ammonia is required, and the orange becomes red. The orange 
colour may also be used for staining. If crystals of oxalate of 
ammonia become formed they must be separated by filtration. 

881. Thiersch's Ijilac Colouring: Plnid — 

Borax, 4 parts. 
Distilled water, 56 parts. 
Dissolve and add, of carmine, 1 part. 

The red solution is to be mixed with twice its volume of 
absolute alcohol, and filtered. The precipitate of carmine and 
borax is re-dissolved in distilled water and is ready for use. It 
ijolours more slowly than the red solution. 
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282. AtijIIti Colours. — The beautiful reds and blues which 
have been lately so largely used as dyes, popularly known in this 
country as Magenta, Solferino, have been much employed by 
miorosoopists. The colour is not very soluble in water, but is 
readily dissolved by alcohol. A grain of the colour, ten or 
fifteen drops of alcohol, and an ounce of distilled water, make a 
dark red solution ; or the colour may be boiled in water, allowed 
to cool, and then filtered. This fluid colours tissues very readily. 
Many exceedingly delicate *and perfectly transparent textures, 
which are almost invisible in the natural state, can be most 
satisfactorily demonstrated by the use of this coloured fluid. 
The cUia of ciliated epithelium may be tinted while they continue 
to vibrate. As the substance of the cell becomes colored, 
however, the action of the cilia ceases. 

283. Blue Colours for Staming. — Thiersch recommends the 
following fluid, the composition of which I take from Frey : — 

Oxalic acid, 1 part. 

Distilled water, 22 parts. 

Indigo carmine, as much as the solution will take up. 

Another solution of oxalic acid and water in the same propor- 
tion is required. One volume of the first solution is mixed with 
two volumes of the last and nine of absolute alcohol. The 
mixture is then filtered, and is ready for use. 

An anilin blue fiuid may be made as follows : — 

Soluble anilin blue, J grain. 
Distilled water, 1 ounce. 
Alcohol, 25 drops. 

This fluid is not acted upon by acids or alkalies. Frey 
strongly recommends a fluid of this description as very useful for 
colouring many tissues. 

884. Tannin.— Although tannin does not colour animal mem- 
brane, it alters its character to such an extent as to enable us to 
see many peculiar points of structure or arrangement not visible 
before, or it produces a chemical change upon the substance 
from which we gain important information. Solutions of 
magenta and solutions of tannin have been much used in 
investigations upon the blood corpuscles. The action of tannin 
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upon the red blood corpuscle is very pesuliar ; it has been 
specially studied by Dr. Roberts of Manchester (" On peculiar 
appearances exhibited by blood corpuscles under the influence of 
solutions of Magenta and Tannin " — '' Proceedings of the Royal 
Society," Vol. XII, p. 481, No. 55, April, 1863). The solution is 
made by dissolving 3 grains of tannin in an ounce of distilled 
water. One drop of blood may be mixed with four or five 
drops of the tannin solution and a portion of the mixture 
examined under the microscope. 

885. Solutions of Nitrate of Silver. — Of late years nitrate of 
silver has been used for staining tissues. Recklinghausen 
and His, have employed this plan with great success. For 
example, a weak solution may be imbibed by delicate tubes, and 
part being precipitated in the tube, perhaps as a chloride or 
in combination with some albuminous material, subsequently 
becomes decomposed by the action of light, and a very dark line 
results, and thus the position of a previously perfectly invisible 
channel is clearly demonstrated. The outlines of epithelial cells 
and the intervals between them may be demonstrated by this 
process. Transparent connective tissue and the outer part of 
cells can thus be coloured, the nuclei remaining perfectly 
colourless and transparent. The nuclei by longer immersion will 
also be coloured. The appearances may be made to vary very 
much by modifying the mode of procedure and the time which 
the preparation is allowed to remain in the solution. After 
soaking in the nitrate of silver solution for some time the 
specimen must be placed in distilled water, or in a weak solution 
of common salt, in order to wash away the nitrate which adheres 
to the surface or occupies the intervals between the cells. When 
this has been effected the specimen is exposed to daylight or 
sunlight until the requisite degree of blackening has been 
obtained. The strength of the solution employed may be varied 
according to circumstances. Recklinghausen uses a very dilute 
solution, consisting of 1 part of nitrate of silver to 400 — 800 of 
distilled water. 

The structure of the cornea has been recently investigated by 
His, after the tissue was prepared according to this plan. 
The so-called ' intercellular substance ' (formed material) only 
may be coloured, or, after the whole structure has been 
thoroughly impregnated with the solution, it may be soaked out 
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of the formed material, while that taken up by the nuclei (masses 
of germinal matter) is retained, and may be decom{)osed by being 
exposed to light. In this case the nuclei appear very dark and 
surrounded by a pale brown formed material. His thinks that 
when the nuclei are coloured, the precipitate of chloride of silver 
in the formed material is re-dissolved and absorbed by the nuclei, 
in which it is afterwards reduced by the action of the light. 

286. Other metallic Salts. — Tissues may also be impregnated 
with other solutions of metallic salts. Acetate of lead has often 
been employed. The tissue may be soaked for some time in a 
weak solution, or a weak solution with a little glycerine may be 
injected. When the tissues are well saturated, thin sections may 
be made, and, after being slightly washed, they may be placed in 
a dilute solution of glycerine, through which sulphuretted hydro- 
gen may be passed. Living plants will take up solutions of 
various metallic salts, which may then be precipitated in the 
textures or in the channels by the appropriate reagents. 

287. BTodifioation of tlie foreeroiug plans. — The observer will 
perceive that these processes are capable of almost endless modi- 
fication. Every one engaged in a special investigation, will 
naturally try various modes of preparation. Having decided 
upon one which seems to offer considerable advantages, he will 
try various modifications until he meets with success. I have 
not attempted to give the minute recommendations of various 
observers who have employed these processes ; but merely indicate 
the general outline of the methods. A few experiments will 
teach the observer more than the most minute directions, and^ 
however carefully directions may be given, it is seldom that 
anyone succeeds the first time he endeavours to follow them 
out. Those who desire to do real work in this department, must 
be patient, and must work on steadily until they meet with 
success. I propose now to describe the plan of investigation I 
have myself followed. 
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Net MEtPHOD OP Prbparatioh adapted for Researches 
WITH THE Aid oe the Highest Magbipting Powers yet 

MADE. 

For many years I have been strongly impressed with the notion, 
that advance in our knowledge of minute structure depended 
mainly upon improvements in the methods of demonstration. 
Experiments proved to me that it was not possible to make out 
the arrangement of the elements of the tissues of man and the 
higher animals in the recent state by examination in water, 
serum, vitreous humour, and other solutions usually employed for 
this purpose. In very many instances failure is due to the 
refractive power of the tissue and other physical characters. For 
instance, in the controversy now going on with reference to the 
arrangement of nerves in voluntary muscle, an independant 
witness would 'not fail to notice that very many different plans 
of demonstration had been employed by the various observers. 
This would, in some measure, enable him to explain the great 
discrepancy of the results. He would also notice that those 
who deny the facts stated by a previous writer, had not adopted 
the method of investigation recommended by him. 

In my first paper upon the distribution of nerves and muscle, I 
stated that the fb,cts I had demonstrated could not be seen unless 
a particular process of demonstration were followed, yet , not one 
of my opponents has adopted the plan pursued by me, or con- 
sidered the principles upon which its success depends. Nay, 
although I strongly insisted upon the importance of injecting 
the vessels, partly for the purpose of causing a preservative fluid 
to be distributed equally to all parts of the tissue, and partly to 
prevent the possibility of mistaking vessels for fine nerve fibres, 
not one of my opponents, I believe, has yet injected the vessels. 
The statements I have made upon the mode of preparation, 
result from numerous experiments made during the last twelve , 
years. Many of my opponents endeavoured to throw doubts 
upon my results by describing the little they have themselves 
been able to see by the rough processes they have followed. But 
it need scarcely be said, that the stout denial often given to the 
existence of a particular arrangement, really means oiJy that the 
individual who denies has never seen it. The only wonder is, 
that any anatomist should be so blind as to persuade himself that 

2 
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he has seen all that can be seen. It has been said that other 
observers have not met with the success, in preparing specimens 
of the liver demonstrating the continuity between the ducts and 
cell-containing network, which has attended my eflfbrts. The 
details of that process have been given, and if the principles 
laid down be acted upon, it is, I believe, impossible for anyone 
with ordinary dexterity and moderate patience to fail. 

I cannot venture to hope that many facts I have observed in the 
minute structure of the central and peripheral nervous system, 
■will be confirmed until the same process adopted by me is 
followed by others. It is true that the specimens can be shown 
to others : but it so happens that working men have but few 
opportunities of examining each other's specimens, and when an 
opportunity does occur, it not unfrequently happens that time is 
not allowed to investigate the specimens fairly. The consequence 
of aU this is, that working in circles goes on to a terrible extent. 
Great labour is utterly wasted, and there is but very slow progress 
compared to that which would attend our efforts if observers 
generally were agreed upon the principles upon which anatomical 
observations should be conducted. Doubtless, every observer 
soon finds out valuable methods of detail for himself which satisfy 
him, — but as will not be able in many cases to communicate 
to others the practical manipulations upon which his success 
depends, it is often exceedingly difficult to ascertain the 
real merits of any given process. Still, it is a question capable of 
being settled most positively, whether nerves can be followed in 
tissues which are impregnated with syrup, glycerine, or some 
such medium, for a greater distance than when immersed in 
water, serum, vitreous, <fec., and whether or not more fibres aiM 
finer fibres can be seen in the former than in the latter case. 
A simple experiment will convince anyone that this is so, and if 
observers would prepare small portions of the same tissue in 
these two different media, and compare the results, they 
would, I am sure, soon be agreed upon one principle of great 
importance in investigation. It is mainly with the view of 
encouraging free discussion upon this most important question, 
and in the hope that ere long some general process of investiga- 
tion may be followed, that I publish my own conclusions and 
describe somewhat minutely the process which I now follow. I 
do not for one moment pretend that it is equally applicable to 
all tissues, or that it will succeed in all hands ; but I am 
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confident that it is based upon principles of the utmost impor- 
tance for successful demonstration. Every year I myself discover 
improvements in detail of the utmost advantage ; but the basis of 
the process remains the same, and, as I have now been actively 
engaged in minute microscopical investigation for fifteen years, 
it is scarcely possible that a process which has been adhered to 
so long, can be destitute of advantages over many other methods. 
Moreover, in the hands of some of my pupils it has answered as 
well as in my own. 

288. Oonditlons to be fulfilled in Semonatrating' Hinute 
Structure by the Highest Powers. — In order to demonstrate 
the intimate structure of most soft tissues, very high magnifying 
powers are required, and it is important to consider the following 
points : — 

1. Of many tissues, sections sufliciently thin for high powers 
cannot be obtained by the processes usually adopted. In order 
to make the specimen thin enough, pressure must be employed, 
and in many instances very strong pressure is required. Even 
by very moderate pressure, tissues immersed in water are 
destroyed completely, and experience has proved that the 
requisite amount of pressure can only be employed if the tissue 
be immersed in, and thoroughly impregnated with, a viscid 
medium, which is not only readily miscible with water in all 
proportions, but with such chemical reagents as may be Required 
to act upon one or more constituents of the tissue for the 
purposes of demonstration. 

2. As many structures are exceedingly delicate, and undergo 
change very soon after death, it is necessary that the medium in 
which they are examined should have the property of preventing 
softening and disintegration, and should act the part of a pre- 

, servative fluid. 

3. In order that tissues should be uniformly permeated with a 
fluid within a very short time after the death of the animal, it is 
necessary that the fluid should come quickly in contact with 
every part of the texture. This may be efiected in two ways :— 

a. By soaking very thin pieces in the fluid, or 

h. By injecting the fluid into the vessels of the animal. 

4. As different structures require fluids of different refractive 
power for their demonstration, the medium employed must be 
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such that its refractive power can be increased or diminished, or 
that, for the medium fulfilling the former condition, another 
can be readily substituted which fulfils the latter requirements. 

5. In investigations upon the changes which structure under- 
goes in the organism, it is necessary to distinguish between that 
part of the texture which is the oldest, and that which has just 
been produced — between matter in which active changes are 
going on, and matter which is in a passive state. It is only by 
fulfilling this requirement that the direction in which growth 
takes place, and the point where new matter is added, can be 
ascertained. 

6. It is necessary, in many investigations, that the vessels 
should be positively distinguished from the other constituents of 
the tissue, and it is necessary that the process by which this is 
effected, should not interfere with the demonstration of all the 
tissues in the immediate vicinity of the vessels. 

1. It is of the utmost importance that the medium employed 
for demonstration should have the property of preserving the 
specimens, so that observers should be able to exhibit their 
preparations to others. 

Glycerine and syrup fulfil the requirements mentioned in the 
foregoing paragraphs. 

289. Action of Q-Iyoerine and Syrup on Tissues. — Strong 
syrup may be made by dissolving, with the aid of heat, lump 
sugar in distilled water, in the proportion of about three pounds 
to a pint. It is necessary in many cases to employ the strongest 
glycerine. In this country we have had the advantage of thg 
beautiful preparation called Price's -glycerine, which is made of 
specific gravity 1240. It has been said that glycerine and strong 
syrup are not adapted for preserving soft tissues, because the 
tissues shrink and soft cells collapse in consequence of exosmose 
of their fluid contents. But I have many hundred specimens 
preserved in the strongest glycerine I could procure, and I should 
obtain advantages if glycerine could be made of still greater 
density. There would be no difficulty in impregnating even very 
soft tissues with it. In fact, the objections urged are theoretical, 
and result from ignorance of some properties of the tissues on 
the part of those who have urged them. If objectors had simply 
tried the experiment, they would have found no difiSculty what- 
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ever in the process. The fact is, that tissues possess a con- 
siderable elastic property, and although they shrink when 
immersed in a medium of considerable density, they gradually 
regain their original volume if left in it for some time. In 
practice, the specimen is first immersed in weak glycerine or 
syrup, and the density of the fluid is gradually increased. 
In this way, in the course of two or three days, the softest and 
most delicate tissues may be made to swell out almost to their 
original volume. They become more transparent, but no chemical 
alteration is produced, and the addition of water will at any 
time cause the specimen to assume its ordinary characters. 

The hardest textures, like bone and teeth, may be thoroughly 

impregnated and preserved in strong glycerine. Cerebral tissues, 

delicate nervous textures like the retina, or the nerve textures of 

the internal ear, may be permeated by the strongest glycerine, 

and when fully saturated with it, dissection may be carried to a 

degree of minuteness which I have found impossible in any other 

medium. Nor is the use of glycerine and syrup confined to the 

tissues of man and the higher animals. I have preparations 

from creatures of every class. The smallest animalcules, tissues of 

entozoa, polyps, star fishes, moUusks, insects, Crustacea, various 

vegetable tissues, microscopic fungi and algae of the most minute 

and delicate structure, as well as the most delicate parts of 

higher vegetable tissues, may all be preserved in these viscid 

media ; so also may be preserved the slowest and most rapidly 

growing, the hardest and softest morbid growths, as well as 

embryonic structures at every period of development, even when 

in the softest state. I am, indeed, not acquainted with any 

animal or vegetable tissues which cannot with the greatest 

advantage be mounted thus. All that is required is, that the 

strength of the fluid should be increased very gradually until the 

whole tissue is thoroughly penetrated by the strongest that can 

be obtained. Glycerine has long been in use among microscopistsi 

but my object is to show that it is universally applicable, that it 

or syrup may be made the basis of all solutions employed by the 

microscopical observer with the greatest advantage, that many 

points are to be demonstrated by the use of these solutions, 

which have hitherto escaped observation, and that there are 

reasons for believing that very much may yet be discovered by 

the use of these substances. 

From these general remarks, I pass on to describe, more ia 
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detail, the particular method I have adopted during the last four 
years for minute investigations upon structures magnified by the 
highest powers yet employed. It will be necessary, in the first 
place, to give the composition of the different solutions which 
I find useful for general purposes. 

290. Q-lyoerine and Syrup. 

1. Weak common glycerine of about the specific gravity 1060. 

2. The strongest Price's glycerins that can be obtained. 

3. Syrijip made by dissolving, by the application of a gentle 
heat in a water bath, 3 lbs. of sugar in a pint of distilled water. 
A weaker solution can be prepared, as required, by mixing equal 
parts of syrup and water. 

291. The' Injecting' Fluid. — For the purposes of injection 
I have found a slight modification of the original Prussian blue 
fluid, the composition of which is given in § 196, fulfil all the 
requirements. The following mixture has succeeded admirably 
in my hands, and I therefore, recommend it strongly. It 
penetrates to the finest vessels. It never forms a deposit. The 
specimens injected with it retain their colour perfectly, and the 
injected tissues can also be stained with carmine. 

Price's glycerine, 2 oz. by measure. 
Tincture of sesquiohloride of iron, 10 drops. 
Ferrocyanide of potassium, 3 grains. 
Strong hydrochloric acid, 3 drops. 
Water, 1 oz. 

Mix the tincture of iron with one ounce of the glycerine ; asd 
the ferrocyanide of potassium, first dissolved in a little water, 
with the other ounce. These solutions are to be mixed together 
very gradually in a bottle, and are to be well shaken during 
admixture. The iron solution must be added to the ferrocyanide 
of potassium. Lastly, the water and hydrochloric acid are to be 
added. Sometimes I add a little alcohol (2 drachms) to the 
above mixture. 

This fluid does not deposit any sediment, even if kept for 
sometime, and it appears like a blue solution when examined 
under high magnifying powers, in consequence of the insoluble 
particles of Prussian blue being so very minute. 
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29S. The Carmine Fluid. — The following is the composition 
of the carmine fluid which I use : — 

Carmine, 10 grains. 
Strong liquor ammonise, ^ drachm. 
Price's glycerine, 2 ounces. 
Distilled water, 2 ounces. 
Alcohol, i ounce. 

The carmine in small fragments is to be placed in a test tube, 
and the ammonia added to it. By agitation, and with the aid 
of the heat of a spirit-lamp, the carmine is soon dissolved. The 
ammoniacal solution is to be boiled for a few seconds and then 
allowed to cool. After the lapse of an hour, much of the excess 
of ammonia will have escaped. The glycerine and water may 
then be added and the whole passed through a filter or allowed 
to stand for some time, and the perfectly clear supernatant fluid 
poured oflF and kept for use. This solution will keep for months, 
but sometimes a little carmine is deposited, owing to the escape 
of ammonia, in which case one or two drops of liquor ammonia 
to the four ounces of carmine solution may be added. 

The rapidity with which the coloring of a tissue immersed in this 
fluid takes place, depends partly upon the character of the tissue 
and partly upon the excess of ammonia present in the solution. 
If the solution be very alkaline the coloring is too intense, and 
much of the soft tissue or imperfectly developed formed material 
around the germinal matter, is destroyed by the action of the 
alkali. If, on the other hand, the reaction of the solution be 
neutral, the uniform staining of tissue and germinal matter may 
result, and the appearances from which so much is learnt are 
not produced. When the vessels are injected with the Prussian 
blue fluid the carmine fluid requires to be sufficiently alkaline 
to neutralise the free acid present. The permeating power of 
the solution is easily increased by the addition of a little more 
water and alcohol. 

Some tissues are colored very slowly. Fibrous tissue, bone 
and cartilage, even in very thin sections, will require twelve 
hours or even more, but perfectly fresh soft embryonic tissues, 
and very thin sections of the liver and kidney, thin sections of 
morbid growths rich in cells, may be colored in half an hour, 
while the cells of the above structures, placed on a glass slide, may 
be colored in less than a minute. I have often colored the germinal 
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matter of the fresh liver cell in a few seconds, by simply allowing 
the carmine fluid to flow once over the specimen. 

S93. Other Ooloiiring Solutions witli Qlycerine. — The 

various kinds of staining fluids may all be prepared with 
glycerine. Thus, I use nitrate of silver solution, the anilin 
colors, and many others, in glycerine instead of water. Indeed, 
all the fluids I now use for preparing specimens contain syrup or 
glycerine as the basis. 

294. Glycerine and Acetic Acid for Washing' and Preservingr 
thin Sections. — After the specimen has been properly stained, it 
is to be washed in a solution consisting of — 

Strong glycerine, 2 parts. 
Water, 1 part. 

It is then transferred to the following acid fluid : — 
Strong glycerine, 1 ounce. 
Strong acetic acid, 6 dtops. 

After having remained in this acid fluid for three or four days, 
it will be found that the portions of even soft pulpy textures 
have regained the volume they occupied when fresh. They have 
■swollen out again even in the strongest glycerine. 

295. On the TJse of Chemical Beagents Dissolved in Gly- 
cerine. — It being established as a principle that, for minute 
investigation, tissues must be immersed and thoroughly saturated 
with viscid media miscible in all proportions with water, it 
almost follows that reagents applied to such tissues should b% 
dissolved in media of the same physical properties. For a 
long time past I have been in the habit of employing solution of 
potash, acetic acid, and other reagents, dissolved in glycerine 
instead of in water. 

296. Acetic Acid Syrup. — In some cases I have found the 
addition of very strong solutions of certain reagents necessary. 
For example, the greatest advantage sometimes results from the 
application to a tissue of very strong acetic acid. If the acid be 
added to glycerine in quantity, the solution will no longer be 
viscid, so that another plan must be resorted to. I thicken the 
strongest acetic acid with sugar, a gentle heat being applied to 
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dissolve the sugar. Thus a very strong acetic acid solution of 
the consistence of syrup can be most readily prepared. 

297. Solutions of Potash and Soda.— Strong solutions of 
potash, soda, and other reagents, are to be made in the same way. 
Thus a complete chemical examination may be conducted upon 
tissues, solutions, or deposits preserved in viscid media. The 
reactions are most conclusive, but of course take a much longer 
time for completion than when carried out in the ordinary 
manner. Ten or twelve hours must be allowed to elapse before 
the change is complete, and the process is expedited if the slide 
be placed in a warm place (about 100°). 

899. Solutions of Chromic Acid and Bichromate of Fptash. 
— A most valuable mixture of this kind to the microscopist, is a 
solution of chromic acid in glycerine, and another solution of 
bichromate of potash in the same fluid. A few drops of a strong 
solution of chromic acid may be added, so as to give to the glycerine 
a pale straw colour. The bichromate of potash solution is pre- 
pared by adding from ten to twenty drops of a strong saturated 
solution of bichromate of potash to an ounce of the strong gly- 
cerine. By this plan, the hardening effects of these reagents upon 
the finest nerve tissues are improved, while the granular appear- 
ance which is caused by aqueous solutions of these substances is 
much less. Sometimes advantage seems to result from mixing a 
little of the chromic acid with the acetic acid solution of glycerine. 

If desired, sugar may be substituted for . glycerine in all the 
fluids employed, including the carmine and injecting fluids ; but 
glycerine, although more expensive, possesses many advantages, 
and, as far as I am able to judge, is the best viscid medium to 
employ for general purposes. 

One great inconvenience of syrup arises from the growth of fungi, 
especially in warm weather. Camphor, creosote, carbolic acid, 
naphtha, prevent this to some extent ; but it is a disadvantage 
from which strong glycerine is perfectly free. Sometimes, too, 
crystallisation occurs, and destroys the specimen. In using first a 
syrupy fluid, and then glycerine, to the same specimen, it 
must be remembered that the two fluids mix but slowly, so that 
plenty of time must be allowed for the thorough penetration 
of the medium used last. 
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I keep various tests, such as alcohol, ether, the variouB acids 
and alkalies, and other tests in the form of viscid solutions made 
with glycerine or sugar. The reaction of the iodine tests for 
amyloid matter, starch and cellulose, is much more distinct when 
employed in this manner. The plan is, to allow the texture to-be 
tested to be thoroughly saturated with the strong glycerine 
solutions, and then to add water. In the course of a few hours 
the reaction takes place very strongly. 

899. Of the Advantages of Viscid media for the Dissection, 
of Tissues for Examination with the Highest Powers. — I carry 
on minute dissection in these viscid media, and can readily 
detach the most minute parts of tissues, separate the different 
structures in one texture, without tearing or destroying them, 
unravel convoluted tubes, and perform with ease a grelat variety 
of minute operations, which it would be impossible to effect 
by any of the ordinary methods of dissection. With care in 
regulating the temperature, I can soften textures thus preserved 
in syrup to the precise extent required for further minute 
dissection, and even very hard textures may thus be softened, 
so that by gradually increased pressure and careful manipulation, 
exceedingly thin layers can be obtained without the relation of 
the anatomical elements to each other being much altered, and 
without any of the tissues being destroyed. 

300. The Practical Operation of Preparing Tissues for 
Examination with the Highest Powers. — The general plan I 
follow, is the same for all tissues of all vertebrate animals and 
morbid growths ; but I will describe the several steps of tie 
process as they were conducted in the demonstration of the 
structure of the ganglion cells, described in my paper in the 
"Phil. Trans." for 1863,* and of the structure of the papillae of 
the frog's tongue, described in the communication presented to 
the Royal Society in June of the present year.t 

The description given also applies to the mode of preparing 
specimens of muscular fibre to demonstrate the mode of distri- 

* " On the structure and formation of the so-called apolar, unipolar, 
and Mpolar nerve cells of the frog." May, 1863. 

t " New observations upon the minute anatomy of the papillse of the 
frog's tongue." June, 1864. 
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bution of the finest branches of nerve fibre.* It is the same plan 
which I have followed in the investigation of the minute 
structure of the brain, spinal cord, and ganglia of man and the 
higher animals.f 

My researches upon the tissues of the frog have been principally 
conducted upon the little green tree frog (Hyla arborea), for 
experience has proved to me that the tissues of this little animal 
are so much more favourable for investigation than those of the 
common frog, that it is well worth while to obtain specimens, 
even at the cost of 2«. or 2s. 6d. each. 

The frog is killed by being dashed suddenly upon the floor, but 
it must first be carefully folded up in the centre of a large cloth, 
BO that the tissues may not be bruised in the least degree. Next 
an opening is made in the sternum, the heart exposed, and a fine 
injecting pipe, after being filled with a little injection, is tied in 
the artery. This part of the operation is conducted as' fully 
described upon page 118, except that the Prussian blue fluid 
given in § 291, is used instead of the more inexpensive fluid made 
with common glycerine. The injection ought to be complete in 
from twenty minutes to lialf an hour, and sometimes in less time 
than this. The injection, being pale, cannot be very distinctly 
seen by the unaided eye, but if the operation has been conducted 
successfully, the tissues will be found swollen and the areolar 
tissue about the neck will be fully distended. The observer 
must not attempt to inject a Hyla before he has succeeded in 
injecting the common frog perfectly, for the Hyla, being smaller, 
is somewhat more difficult to inject than the common frog or the 
newt. 

The injection being complete, the abdominal cavity of the frog 
is opened, and the viscera washed with strong glycerine. The 
legs may be removed, the mouth slit open upon one side, and the 

* On the distribution of nerves to the elementary fibres of striped 
muscle. "Fhil. Trams.," 1860. 

Further observations. " Phil. Tram." 1862. 

Further observations in favour of the view that nerve fibres never end 
in voluntary muscles. " Proceedings o/ the Royal Society" June 5th, 1863. 

On the structure of the sarcolemma of the muscular fibres of insects, 
and of the exact relation the nerves and tracheae to the contractile tissue 
of muscle. " Microscopical Society" June, 1864. 

f On the minute structure of the grey matter of the convolutions 
of the brain. " Proceedings o/ the^ Royal Society," Vol. xii, 671, 1863. 

Indications of the paths taken by the nerve currents as they traverse 
the caudate nerve cells of the spinal cord and enoephalon. ^'■Proceedings 
of the Royal Soday" July, 1864. 
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pharynx well washed with glycerine. If it is desired to prepare 
one organ only, this may, of course, be removed and operated 
upon separately ; but I generally subject the entire trunk, with 
all the viscera, to the action of the carmine fluid. If the brain 
and spinal cord are special objects of inquiry, the cranium and 
the spinal canal must be opened so as to expose the organs 
completely, before the staining process is commenced. Enough 
of the carmine solution is then placed in a little porcelain basin 
or gallypot, just sufficient to cover the entire trunk and viscera. 
The specimen is then moved about in the carmine fluid, so that 
every part that is exposed is thoroughly wetted by it ; sometimes 
slight pressure with the finger is required. It is left in the 
carmine fluid for a period varying from four to six or eight 
hours, being occasionally pressed and moved about during this 
time, so as to ensure the carmine fluid coming into contact with 
every part. By this time the blue colour of the vessels of the 
lungs, viscera, <fcc., will have almost entirely disappeared, and all 
the tissues will appear uniformly red. The staining is now 
complete. The carmine fluid is poured ofi" and thrown away, 
and the preparation washed quickly with the glycerine solution 
(page 200). This fluid may be placed in a wash bottle, made 
according to the plan figured in 'Plate XXXVII, Fig. 173, but 
smaller than this, and projected upon every part so as to wash 
away the superfluous carmine fluid. The specimen is now placed 
in another little basin, and some strong glycerine poured over it ; 
it is then left for two or three hours, and a little more strong 
glycerine added ; when, from six to twelve hours since the 
specimen was removed from the carmine solution have elapsed, 
the preparation is ready for the last preliminary operation. TI?e 
glycerine used for washing it is poured off', and sufficient strong 
Price's glycerine added just to cover it. To this, three or four 
drops of strong acetic acid are added, and well mixed with the 
glycerine. In this acid fluid the preparation may be left for 
several days, when a small piece of some vascular part may be 
cut off', placed in a drop of glycerine, and subjected to micro- 
scopical examination. If the injected vessels are of a bright blue 
colour, and the nuclei of the tissues of a bright red, the specimen 
is ready for minute examination ; but if the blue colour is not 
distinct, three or four more drops of acetic acid must be added to 
the glycerine, and the preparation soaked for a few days longer. 
If the nuclei are of a dark red colour, and appear smooth and 
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homogeneous, more especisilly if the tissue intervening between 
them is coloured red, the specimen has been soaked too long in 
the carmine fluid ; but in this case, although parts upon the 
surface may be useless for further investigation, the tissues below 
may have received the proper amount of colour. 

The tissues or organs to be subjected to special investigation 
may now be removed, and transferred to fresh glycerine ; they 
may be kept in little corked glass tubes, and properly labelled. 
Generally, the tissue will contain suflScient acetic acid, but if this 
is not the case, one drop more may be added. 

Suppose, now, the nerves with the small vessels and areolar 
tissue at the posterior and lower part of the abdominal cavity 
have been placed in one tube, and the prepared tongue of the 
Hyla in another, the former specimen may be taken out of the 
glycerine and spread out upon a glass slide. If it be examined 
with an inch power, numerous microscopic ganglia may be seen. 
Several of these perhaps are close to small arteries. Those which 
are most free from pigment cells are selected, and removed 
carefully by the aid of a sharp knife, fine scissors, forceps, and a 
needle point. This operation may be eflfected while the slide is 
placed upon the stage of the microscope. The transmitted light 
enables the observer to see the minute pieces very distinctly ; if 
necessary, a watchmaker's lens may be" used. The pieces selected 
are transferred to a few drops of the strongest glycerine placed 
in a watch glass or in one of the little china colour moulds (§85), 
and left to soak for several hours. 

The microscopical examination of the specimen may now be 
carried out. One of the small pieces is placed upon a glass slide, 
in a drop of fresh glycerine, and covered with thin glass. The 
glass slide may be gently warmed over the lamp, and the thin 
glass pressed down upon the preparation by slight taps with a 
needle point. The specimen may now be examined with a quarter, 
and afterwards with the twelfth of an inch object-glass. A good 
deal of granular matter will possibly obscure the delicate points 
in the structure. The slide is again gently warmed, and, with the 
aid of a needle, the thin glass is made to slide over the surface of 
the specimen, without the position of the latter being altered, 
and then removed and cleaned. The specimen is then washed 
by the addition of drop after drop of strong glycerine containing 
five drops of acetic acid to the ounce. The slide can be slightly 
inclined while it is warmed gently over the lamp, in such a 
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manner that the drops of glycerine slowly pass over the specimen 
and wash away the debris from its surface. The most convenient 
irjstrument for dropping the glycerine on the specimen is a little 
bottle, of two ounces capacity, with a syphon'tube drawn to a point, 
and a straight tube, with an expanded upper part, over which is tied 
a piece of stout sheet vulcanized India-rubber. Fig. on p. 214. 
Upon compressing the air, by pressing down the India-rubber, the 
glycerine is forced drop by drop through the syphon tube and 
allowed to fall upon the specimen. These little bottles can be 
obtained of Mr. Matthews, Carey-street, Lincoln's -inn-fields. 

When several drops of pure glycerine have been allowed to 
flow over the specimen, the thin glass cover, after having been 
cleaned, is re-applied and pressed upon the specimen very 
gradually, but more firmly than before. If the preparation looks 
pretty clear when examined with the twelfth, the glass cover 
may be cemented down with Bell's cement, and the specimen left 
for many days in a quiet place. It may then be re-examined, 
the process of washing with glycerine repeated, and further pres- 
sure applied until it is rendered as thin as is desired. When this 
point has been reached, more glycerine with acetic acid is to be 
added, and a plate of mica or the thinnest glass cover (§ 306) 
applied, when it may be examined with the twenty-fifth. The 
process of flattening may be pushed still further if desirable, — and 
if only carried out very slowly by gentle taps or careful pressure 
with the linger and thumb, from day to day, the elements of the 
tissues are gradually separated without being destroyed. If 
there be much connective tissue, which interferes with a clear 
view of the finest nerve or muscular fibres, it may be necessary to 
immerse the specimen for some days in the acetic acid syrup, and 
then transfer it to fresh glycerine. The success of this process 
depends upon the care and patience with which it is carried out 
The most perfect results are obtained in cases where the washing, 
pressure, and warming have been very slowly conducted, and it 
is most interesting to notice the minute points of structure which 
are gradually rendered clearer by the application of a gentle 
heat, subjecting the specimen to a little firmer pressure or by 
soaking it in a little fresh glycerine placed in a watch-glass. 

Specimens of tissue prepared in this way can be transferred 
from slide to slide, and no matter how thin they may be, after 
having been allowed to soak in fresh glycerine they may always 
be laid out again perfectly flat by the aid of needles upon another 
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slide.* The action of these viscid fluids is most valuable, and 
I feel sure that by the process here given, retaining the prin- 
ciple, but modifying the details in special cases, many new 
and important anatomical facts will be discovered. UntU this 
process is carried out successfully by other observers, I have 
little hope of my own observations being confirmed. 

The papillae of the frog's tongue are prepared in precisely the 
same way. Small pieces of the mucous membrane being removed 
by sharp scissors, they are transferred to glycerine, subjected to 
the same very gradually increased pressure, until the individual 
papillae are themselves slightly flattened. It is possible from a 
specimen to remove a number of the separate papillae on a 
needle point, transfer them to glycerine or to the acetic acid 
syrup, and then mount them for examination with the 55th object- 
glass. All the points I have described and figured in my paper 
(" Boyal Society, 1864") may then be demonstrated in several 
pajpillse. 

Thin sections of brain, spinal cord, &c., may be subjected to 
the same process for examination with the highest powers. The 
specimens illustrating my paper on ' Indications of the paths 
taken by the nerve currents as they traverse the caudate nerve 
cells of the spinal cord and encephalon,' published in the 
" Proceedings of the Royal Society" July, 1864, were prepared in 
the manner already described, but they were soaked for some 
months in a weak glycerine solution of acetic acid; The most 
delicate preparations retain their characters for many months, 
and some for several years, so that in many cases the very 
preparations from which my drawings have been made, have 
been preserved, and have been compared with the drawings by 
other observers. 

301. Of the Preparation of Hard Tissues for examination 
with the Highest Powers, Bone, Teeth, &o. — The methods 
generally employed (§ 149) for demonstrating the structure of 
bone, teeth, and other hard tissues, only enable us to form a 
notion of the dead and dried tissue. The soft material is dried 
up before the section is made. 

• I often mount these specimens upon a circle of thin glass about \ of 
an inch in diameter, instead of upon a glass silde The circle is then 
mounted upon a wooden slide, in the centre of which a hole h|s been 
drilled of the proper dimensions to receive the ou-cle. It is iixed m its 
place by a ring of gummed paper. 
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And yet this very soft material, which is not represented in 
the drawings published in diflFerent works, is that which makes 
the only diffesence between the dried bone or tooth in our cabinets 
and that which still remains an integral part of the living body. 
So far from this soft matter being unimportant, it is the most 
important of all the structures of the hard texture. It is by this 
alone that all osseous and dental tissues are formed and 
nourished, and from not recognising the arrangement of this 
soft matter the most erroneous ideas have prevailed, and still 
prevail, upon the formation and nutrition of the dental tissues. 

Even now it is generally believed that the dentinal tubes are 
real tubular passages for conveying fluids to all parts of the 
dentine, and are thus subservient to its " nutrition," and yet it is 
more than eight years since Mr. Tomes proved most conclusively 
that these so-called " tubes " were occtipied in the recent state 
by a moist but tolerably firm material (" Phil. Trans." Feb., 
1856). 

I have verified Mr. Tomes' description, and am quite certain 
that the so-called dentinal tubes are not channels for the mere 
flowing up and down of nutrient fluid.* 

Suppose a tooth is to be prepared for minute microscopical 
investigation, we may proceed as follows. The same plan is 
applicable to bone and shell. 

1. As soon as possible after extraction, the tooth may be 
broken by a hammer into fragments, so as to expose clean 
surfaces of the tissues. Pieces of dentine with portions of pulp 
still adhering to them may then be selected and immersed in the 
carmine fluid, and placed in a vessel lightly covered with paper, 
so as to exclude the dust. The whole may be left in a watm 
room for from twenty-four to forty-eight hours. 

2. The carmine solution may then be poured off", and a little 
plain dihite glycerine addied. (§ 294.) 

3. After the fragments of iteeth have remained in this fluid for 
five or six hours, the excess, now coloured with the carmine, may 
be poured off, and replaced by a little strong glycerine and acetic 
acid. (§ 294.) 

4. After having remained in this fluid for three or four days, 
it will be found that the portions of soft pulp have regained the 



* On the structure of recent bone and teetli, see my lectures on " Tim 
structwe and growth of the tissues." Eoyal College of Physicians, 1860. 
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volume they occupied when fresh. They have swollen out 
again even in the strongest glycerine. 

5. I have found that in many cases, when it is desired to study 
the arrangement of the nerves, it is necessary to harden the pulp 
by immersion in glycerine solution, made by adding to an ounce 
of the glycerine solution of acetic acid, "two or three drops of a 
strong solution of chromic acid. The fragments may remain in 
this solution for three or four days, and then be transferred to the 
acetic acid solution, in which they may be preserved for years 
with all the soft parts perfect. 

6. The specimens are now ready for examination. Thin 
sections are cut with a knife from the fractured surfaces of the 
dentine, including a portion of the soft pulp. The knife should 
be strong, but sharp. In practice I have found the double-edged 
scalpels made for me by Messrs. Weiss and Son, of the Strand, 
answer exceedingly well for this purpose, nor will the edge of the 
knife be destroyed so soon as would be supposed. 

,7. The minute fragments of sections thus obtained are placed 
upon a slide and immersed in a drop of pure strong glycerine, in 
which they may be allowed to soak for an hour or more, and then 
examined by a low power (an inch). The best pieces are then to 
be selected by the aid of a fine needle, and removed to a drop of 
glycerine containing two drops of acetic acid to the ounce, and 
placed upon a clean slide. The thin glass cover is then carefully 
applied, and the specimen may be examined with higher powers. 

8. If it is desired to retain the specimen, the excess of glycerine 
fluid is absorbed by small pieces of blotting paper, and the glass 
cover cemented to the slide by carefully painting a narrow ring 
of Bell's microscope cement (§ 90) round it. When this first 
thin layer is dry, the brush may be carried round a second time, 
and after the lapse of a few days, more may be applied. Mounted 
in this way the specimen will retain its character for years. 

Hard tissues, like bone, dentine, and enamel, become somewhat 
softened by prolonged maceration in glycerine, and if a few drops 
of acetic acid are added, the softening process may be carried to 
a greater extent, and yet without the calcareous matter being 
dissolved out to any perceptible extent. If desired, of courEe the 
calcareous matter may be in part or entirely removed by in- 
creasing the strength of the acid fluid in which the preparation 
is immersed. But, far short of this, the hard, brittle texture 
is so altered that thin sections may be mt without any difficulty. 

P2 
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Specimens prepared in this way may be examined by the highest 
magnifying powers yet made, by which statement I mean, of 
course, to imply that more may be learned by the use of such 
high powers (1,000 to 3,000 linear) than by employing ordinary 
object glasses. 

308. The Preparation of Embryonic Tissues for Examination 
with very Hig'h Powers.— Contrary to general opinion, many of 
the softest textures may be investigated with the greatest facility 
after having been soaked in strong glycerine. In preparing 
these, the same steps which have been described in § 300 must be 
carried out, but the glycerine used at first must be weaker, and 
its strength must be very slowly and gradually increased. Young 
embryos may be injected with the Prussian blue fluid. The pipe 
cannot be tied in the vessels, as they are extremely soft. But if 
it is simply inserted, much of the injection will run onwards 
into the capillaries, and the escape of a certain quantity by the 
side of the pipe is a matter of no moment. 

I have beautiful preparations of the most delicate embryonic 
tissues, preserved in the strongest glycerine. It is often advan- 
tageous to harden the tissue slightly by the addition of a 
little of the chromic acid glycerine solution. When once the 
tissues have been fully permeated by glycerine, they may be dis- 
sected and manipulated in a manner which before was impossible. 

803. New Views relating to Structure and Growth arrived 
at hy this mode of investigation. — The general inferences 
arrived at from a careful study and comparison of very many 
animal and vegetable tissues, prepared by precisely the same 
process, are of great interest. When the carmine fluid is used 
properly, the so-called nucleus is alone coloured, while the outer 
part of the cell and intercellular substance remain colourless, or 
are only tinted very faintly. It is often possible to demonstrate 
zones of color one within the other, the innermost being in- 
variably colored most intensely. 

By comparative observations upon the same tissues, at different 
periods of growth, a definite but gradually altering relation 
has been demonstrated to exist between the formed material and 
the germinal matter, and it has been proved that the latter 
gradually passes into the former. I have adduced very many 
facts, which seem to me to establish the very important point. 
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that all formed material was once in the state of germinal matter. 
So that in the formation of muscle, for example, from the lifeless 
nutrient pabulum in the blood, the matter which is to become 
muscle passes through these different conditions : — 

1. Soluble nutrient matter, or pabulum. 

2. Germinal matter (nucleus). 

3. Imperfectly developed formed material, or muscular tissue. 

4. Fully developed formed material, muscular contractile tissue. 

5. Disintegrated formed material, which becomes reduced to a 
soluble state, and converted, by oxydation, into new substances, 
some of which pass away, while others in their turn become 
pabulum for other kinds of germinal matter (white blood cor- 
puscles, lymph corpuscles ?). 

It wUl be seen that one very important fact gained by this 
inquiry, is the positive distinction between the active living 
groviing matter of all tissues, and the matter which is formed, or 
resultx from the changes occurring in the former. This fact I 
endeavoured to establish in my lectures, given at the Royal 
College of Physicians, in April, 1861. Since this time I have 
worked out the growth and formation of many tissues in detail, 
and I believe the above positions have been fully established. 
So that the material stained by carmine is in a transition state. 
It is not tissue, but it lives and grows, and at length undergoes 
conversion into tissue. It is living matter ; — and by the word 
living, I mean, that in this matter phenomena are observed which 
have not been explained, which cannot be accounted for by any 
known laws, which cannot be imitated artificially, and which have 
never been observed anywhere but among living things.* Among 
the peculiar properties of every mass of living matter, are— 

1. The power of altering and appropriating certain soluble 
matters, and communicating to these, properties or powers of the 
same nature as those which the living matter itself possesses. 

2. The power of moving in all directions — the passage of one 
part of a living mass to another part, so that one portion may 
advance itself in front of another portion, or encircle another. 

3. The power of causing the elements of which the matter 
itself consists to take up definite relations towards one another, 

* This question is discussed in some papers published in " The Reader;' 
In 1864. 
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80 that definite compounds, often exhibiting definite structure, 
result. 
4. The power of infinite increase. 

I am, therefore, able to describe the structure of the most 
complex tissues, and the changes which occur during their 
growth, in a very simple manner. It is not necessary to discuss 
in any given case what is ' cell wall,' or ' cell membrane,' ' cell 
contents,' ' nucleus,' ' nucleolus,' ' intercellular substance,' 
' primordial utricle,' 'protoplasm,' ' Blastema.' For every struc- 
ture consists of matter in two states : — The living or germinal state, 
and the formed and lifeless state. All increase, multiplication 
division, <fec., is due to matter in the first state, and to that alone; 
so that every living particle comes from a pre-existing living 
f)article, and every piece of tissue, and formed matter of every kind 
characteristic of a living being, was once in the condition of 
germinal matter. 

These views will be understood by reference to Plates L, LI, 
LII, LIII, LIV, LV, and the accompanying explanations at the 
end of Chapter XI. The illustrations are the result of great 
labour, and are examples of the best kind of wood engraving and 
printing. Some have been selected from drawings illustrating my 
papers in the " Phil. Trans.," and I am indebted to the Council 
of the Royal Society for permission to make use of some of them. 

Note to § 300. — I should have statec! at the end of § 300, that I have 
prepared many specimens by injecting the colouring carmine fluid into 
the vessels, allowing time for this to be 
taken up by the nuclei, and then inject- 
ing an acid fluid ; for example, a frog ma;f 
be injected with the carmine fluid, made as 
recommended on p. 201, but with 15 grains 
of carmine instead of only 10. When the 
vessels are fully distended, the preparation 
is left for from 12 to 24 hours, when a 
little glycerine may be forced in, and 
lastly, the Prussian blue injecting fluid. 
When the vessels are fully injected, pieces 
of the tissue and organs to be examined 
are to be soaked in glycerine and acetic 
This flg. shows the manner of ^°*^i *^ recommended in the other mode 
constructing the little bottle for of preparation. I have some very beautiful 
containing glycerine, referred to . , i. . ,, . , 

in page 208? speomiens prepared accordmg to this plan. 
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CHAPTEE XI. 



Oe the Use oi' veet High Magnipying Powebs.— 
Objections raised— Of the Highest Magnifying Powers yet 
made— Of the Covering Glass— Illumination of Objects 
Magnified hy very High Powers — Method of Increasing 

the Size of the Image without altering the Object-glass 

Of Drawing Objects Magnified with very High Powers. 

Or THE AjfATOMICAL ELEMENT OB CelL, AND OF ITS 
I/IFE. 

804. Objections raised to the use of very higrli Uagwf^ing' 
Powers. — The greatest prejudice still exists in the minds of 
many against the use of very high magnifying powers, and some 
persons still persist that no advantage is to be gained by them. 
Now, it would be wasted purpose for me to attempt to answer the 
objections that have been raised to this and other methods of 
observation, in Germany and elsewhere. Every observer has a 
right to work as he likes, and it is impossible to prevent preju- 
diced persons from disparaging the means of research which they 
cannot or will not employ. Just as there are observers who will 
not admit that the simplest and only efficient manner of intro- 
ducing fluid into all parts of a tissue is to inject it by the vessels, 
so there are individuals who will maintain that those appear- 
ances can alone be trusted, and accepted, as natural appearances, 
which result from observations upon tissues immersed in water. 
And as it is most certainly true, that nothing is gained by 
subjecting specimens immersed in water to the highest powers, no 
wonder authorities who hold this doctrine assert that high powers 
are useless. But it has been proved that water alters many tissues 
extremely, and completely destroys some of the most delicate 
textures, while its limpid character renders it impossible to fray 
out many delicate tissues, or to subject them to the amount of 
pressure sufficient to make them thin enough for observation 
with high powers. Nevertheless, not a few observers still use 
water and solutions of which water is the principal ingredient. 
To this no objection can be made ; but not content with working 
on in their own way, some of these individuals do all they can to 
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underrate the importance of observations made upon different 
principles. If anyone makes out new points of structure by any 
new method, all that such an authority who differs has to do is to 
state that he has not been able to see the structure described by 
so and so. Authority too often denies the existence of what it has 
itself been unable to see. Many authorities deny the existence 
of what they have not seen, while they have not taken the pains 
to try the only method of demonstration by which the appearances 
in question could be seen ; or, without having ever seen points of 
structure described by others, and without denying the truth of 
their observations, they say such an arrangement does not 
exist in the corresponding tissue of some animals closely allied to 
the one in question. 

Everyone now aiming at original observation upon the 
minute structure of living beings, must become skilled in the use 
of far higher magnifying powers than those generally employed. 
In the preceding Chapter I have fully discussed the principles 
which should be borne in mind in the preparation of the 
specimens. For all success depends upon this, and the observer 
should certainly begin with the use of low powers. As he 
improves in the mode of making specimens, he may advance 
to the use of the higher and the highest powers. My own 
opinion is, that an entirely new field is opening out for explora- 
tion, and that a vast number of new anatomical facts will conse- 
quently be discovered during the next few years, by the aid 
of new methods of investigation. Many of the points yet 
remaining for investigation, involve questions of fundamental 
importance ; and when these are determined, a great change for 
the better will be observed in physiology. It seems to me th^t 
minute anatomy has been far too little studied. We ought to 
have a thorough knowledge of mere structure before we begin to 
discuss action ; but it is too often the case that mere speculations 
are received, and widely taught, although anatomical facts 
demonstrate them to be unsound. 

Much has been said, and doubtless yet remains to be said, 
against the use of high powers. But, even if it be admitted (but 
I do not myself admit this) that nothing more can be seen by the 
use of a very high power than by one that magnifies much less, 
there cannot be the slightest doubt about the fact, that objects 
which would pass quite unnoticed by the latter, must at once 
attract attention if examined by the former. If high powers were 
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of service only in bringing important but most delicate peculiari- 
ties of objects under observation — if by their use the attention 
vfere merely directed to minute points which would otherwise 
pass unobserved, it would be necessary to employ them in 
carrying out advanced work. 

There are some branches of microscopical inquiry in which 
very high magnifying powers are absolutely necessary. For 
example, in such investigations as those which have lately been 
carried on by M. Pouchet and M. Pasteur, many of the more 
minute organisms can only be seen by a power magnifying 
upwards of 1,000 diameters. Bacteria, magnified 1,800 and 3,000 
diameters, are represented in Plate LI, Figs. 247, 248, 249. If 
still higher powers had been brought to bear upon the specimen, 
organisms still more minute than any represented in these figures 
would probably have been demonstrated. The most minute of 
such living organisms discoverable by a power of 10,000 linear, 
has been living and growing for some time before it attained 
sufficient dimensions and density to be visible to us. I believe if 
magnifying power could be efficiently increased to ten times ten 
thousand diameters, we should still only be able to see one 
particle of living matter increasing in size, and giving rise to new 
particles, which in their turn become detached — and so on. 
We should see nothing like the aggregation of particles, or the 
coalescence of already existing particles, of inanimate matter 
to form a mass of living matter. We should see, I believe, 
nothing but the growth and division of living particles 
already in existence. We might, however, be able to demon- 
strate germs of a degree of minuteness not yet thought of. 
But there is another matter of the greatest importance in the 
consideration of this most difficult question, which has almost 
entirely escaped notice. Besides extreme minuteness in mere size, 
extreme tenuity or transparency may interfere with the definition 
of an object. Now, the greatest difference is observed in object- 
glasses in this particular. The best object-glasses will define 
clearly and accurately, bodies, which, from their transparency, are 
quite invisible under objectives only slightly inferior to the first. 
I feel quite sure that many statements recently made with 
reference to the mode of formation of the lowest forms of life, 
by the process of aggregation of particles, arise from imper- 
fect means of observation, and that the real germs existed before 
they possessed sufficient density to be recognised by the object- 
glasses employed. 
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The following circles represent the size which objects would 
appear in the microscope under the respective magnifying powers 
as stated : — 



Molecule ^^^ of ^n inch in diameter Molecule ^^ of an inch in diameter 

X 250 linear. x 250 linear. 



o 



Tbe Game x 700. Molecule ^qVo ^^ ^° ^^ ^ diameter 

X 700. 




The eame x 1800. The same x 1800. 



o 




The same x 4000. The same x 3000. 



T^s, of an English inch, magnified 260 linear. 



Y^^ of an English inch, magnified 700 linear. 



^^ of an English inch, magnified 3000 linear. 

305. Of the Highest IlasnifTing' Powers. — Messrs. Powell 
and Lealand succeeded in producing a sixteenth, magnifying a 
thousand diameters as long ago as the year 1840. In 1859 I was 
engaged in studying the arrangement of the nerves in voluntary 
muscle, and succeeded in preparing, by the process given in 
§ 300, some exceedingly thin sections, in which most delicate 
nerve fibres could be distinguished, but these were very pale and 
transparent, and the appearance was such as to lead me to the 
inference that in many cases apparently single fibres really 
consisted of several very fine fibres. I desired, therefore, to 
examine the specimens with a much higher power, and I begged 
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Messrs. Powell and Lealand to endeavour to make for me a glass 
with a magnifying power double that of the sixteenth. In the 
year 1860, I received from these makers the irst twenty-sixth 
ever made, which magnified 1,800 diameters. Of this glass I 
have now had great experience, and can speak of it as a most 
excellent working glass. That it defines exceedingly well, and 
admits plenty of light, is obvious from the fact that it will allow of 
the tube of the microscope being increased considerably in length. 
By a working glass, I mean one that can be employed without 
great trouble or difficulty, and does not require any elaborate 
arrangements with regard to illumination, adjustment, (fee. In 
fact, it works well even without a condenser of any kind, the 
common concave mirror being alone used. There is plenty of 
room for focussing, although, of course, specially thin glass or 
mica must be employed. I have made and published many 
drawings of tissues of the higher animals magnified with this 
glass, and it need scarcely be said that, as it can be Tbronght 
to bear upon textures of this class (even bone and teeth), thin 
sections of which are obtained only with great difficulty, it must 
be readily applicable to other departments of microscopical 
inquiry. Object-glaSses of very high magnifying power have 
been made by other makers, but those who have compared them 
with Powell and Lealand's twenty-fifth consider them inferior to 
this glass. Hartnack, of Paris, has modified the correction of 
the lenses,' so that a thin stratum of water between the glass 
cover of the object and the last lens of the object-glass is required 
to make the definition perfect. I have not been able to convince 
myself of the superiority of this plan over the ordinary method, 
although I have not had sufficient experience to enable me to 
express a positive opinion upon the matter. An objecti^'fe of high 
magnifying power (a twentieth) has lately been made by Messrs. 
Smith and Beck. I have had an opportunity of comparing this 
glass with the twenty-fifth of Powell and Lealand. The magnifying 
power is about one-third less, and it appeared to me that the 
definition was not so good. The amount of light admitted was 
ample. It is, however, exceedingly difficult to express in words 
the merits of one glass as compared with another, and there can 
be no doubt that an observer who has used one glass very much 
especially if he has made new observations by its aid, is almost of 
necessity prejudiced in its favour ; and I confess that, unless I had 
worked with a glass for a considerable period of time, I would 
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not express a decided opinion as to its qualities The difference 
between the working powers of the glasses of the best makers is, 
at most, very slight, and not to be demonstrated without the most 
exact and careful examination. At the same time, it is certain 
that the slightest advantage in defining power ought not to be 
underrated, for it may enable the observer to see some scarcely 
perceptible, but nevertheless most important, points not observed 
before, and in some instances the very slightest advantage of this 
kind may necessitate a complete alteration in general views tip to 
that time received as true, and considered even to be fixed and 
unalterable. Improvement in the means of observation is of 
the utmost importance, and, however slight, always leads to the 
discovery of new facts, j 

see. Of the Ooverimgr Glass The cover may be made of a 

very thin plate of mica, but glass possesses several advantages. 
Messrs. Chance, of Birmingham, have lately succeeded in manu- 
facturing in quantity glass sufficiently thin for the ^'jth. This is 
supplied by Messrs. Powell and Lealand. For mere examination 
of specimens, thin plates of mica answer well, and they may even 
be used for mounting the preparation permanently ; but as it is 
difficult to clean the surface without scratching it, it will be 
found better to use thin glass as the covers of specimens which 
are to be kept permanently. 

307. lUumiuation of Olijects magnified by very High 
Powers. — Successful observation with very high powers is mainly 
dependant upon illumination. Indeed, by ordinary means it is 
not possible to obtain a light sufficiently intense to illustrate an 
object magnified 3,000 diameters. I have tried with greater or 
less success many different plans, and have used prisms, concave 
mirrors, and various kinds of condensers. I have, however, 
arrived at the conclusion, that the most satisfactory results by 
far are obtained by the use of Kelner's eye-piece as a condenser, 
as suggested by my Mend Mr. Brooke (see page 24). By this 
means I can obtain a light sufficient for a magnifying power of 
10,000 linear. I have tried the lime light, but have not found 
that it possesses any advantages over the belmontine or paraffin 
lamp, while the glare from it is much greater. 

308. Uethod of Inoreasine the size of the Imaere without 
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altering the Objeet-O-lass.— Supposing the limits of magnifying 
power of the objeot-glass to have been reached, there are yet 
methods by which the dimensions of the image may be greatly 
increased. The eye-piece may be changed for a deeper one, or 
the distance between the object-glass and eye-piece may be 
increased. In practice, I have found that the latter plan is so 
much the most advantageous that I now never use a deep 
eye-piece. 

The j'j objective being applied when the tube is increased in 
length, so that from the lowest glass of the object-glass to the 
eye-glass of eye-piece, the distance measures — 24 inches, the 
magnifying power corresponds to upwards of 10,000 diameters. 
20 inches about 6,000. 15 inches about 2,600. 11 inches about 
1,800. When the tube is thus increased in length, there is often 
some reflection from its interior which renders the image 
indistinct. This inconvenience may be remedied either by 
increasing the diameter of the microscope tube to about 2^ inches, 
or by lining the ordinary tube with black velvet. 

Of course, the practical utility- of increasing the magnifying 
power entirely depends upon the character of the specimen. 
The preparation of specimens has already been considered, and it 
has been shown that the preparations to be examined by very 
high powers must be immersed in the strongest glycerine that 
can be procured. 

In delineating the appearances observed, I never represent a 
structure more highly magnified than is necessary to bring out the 
points ; but I find that as I improve my method of preparation 
I desire higher magnifying powers, and I am quite certain that 
great advantage will be reaped when powers far higher than any 
yet made, or thought of, shall be brought to bear upon many 
structures. The question of preparation is scarcely more than a 
mechanical one, and new and' more exact means of preparation 
win soon follow improvements in the ' optical part of the 
microscope. 

309. Of Drawingr Objects magmified witli very Hig'h Powers. 
— It is extremely difficult to use the neutral-tint glass reflector 
with the highest powers, and the slightest vibration of the in- 
strument causes confusion in the lines, so that, in practice, I have 
found the best method is, to measure the distance of the several 
parts of the object with compasses, and then, having fixed these 
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general points upon the paper, the outline of the object can be 
correctly drawn. The points of the compasses must always be 
placed on the same level as the stage. When one eye is directed 
through the tube of the microscope to the object, and the other 
upon the compasses, the object appears as if it was outside the 
instrument, and can be readily and most exactly measured. 

In making drawings of microscopical objects, it is usual to 
represent the image the size it appears when thrown upon paper, 
with the aid of the camera or neutral tint glass reflector, at the 
distance of ten inches from the eye, the arbitrary point at which 
the magnifying power of object-glasses is measured. If the image 
be taken at a point nearer the eye, it appears smaller, while, at a 
greater distance, it of course appears much larger than at the 
arbitrary distance above stated. As already described, large 
diagrams may, indeed, be made, direct from the microscope, by 
placing the diagram paper at the distance of three feet or more 
from the eye, and tracing upon it, with a long pencil, the object 
as reflected from the neutral-tint glass reflector. 

In practice, I have often found it almost impossible to repre- 
sent, in drawings, lines as fine as those seen in the preparation. 
A certain coarseness is inevitable. The copied lines and mark- 
ings appear rougher and thicker than the real ones. But this 
defect is to some extent remedied by drawing the object some- 
what larger than it appears to be magnified at the distance often 
inches from the eye ; and in order to obtain uniform results, I 
always draw the object the size it would appear, if copied on the 
same level as the stage of the microscope. The scale for measure- 
ment is copied at precisely the same distance. A glass which, at 
ten inches, is said to magnify 200 diameters, will increase the 
image at this point to 216, and my j'^th, instead of magnifying 
about 1,600 diameters, increases the image of the object to 1,800 
diameters. By increasing the length of the tube of the micro- 
scope between four and five inches, I obtain an amplification 
amounting to 3,000 diameters, and the tJbb of an inch becomes 
three inches in length. (§ 304). 

With care, in illumination, I have been able to see points in an 
object magnified with this power, which I have failed to observe 
under a power of 2,000. I have succeeded in increasing the 
power to 6,000 diameters, for ordinary observation. I am trying 
different plans for obtaining a still higher power to bear upon my 
specimens. 
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Of the Anatomical Element, " or Cell,'' and of its " Life." 

Numerous facts and arguments seem to me strongly in favour 
of the view, that there exists in relation with every particle of 
matter that is alive, a certain power or force which exerts a 
special influence in determining the composition and properties 
of the formed substances characteristic of different organisms. 
I have endeavoured to show that we can actually distinguish 
the matter of a living cell which is alive or was recently living, 
from that which no longer possesses vital properties or powers, 
which is the seat of physical and chemical changes alone. 

The power which determines the change which the matter is to 
undergo resides in the germinal ftiatter of the cell (§ 303), and in 
this alone. Of the nature of this power, associated with the 
matter, we know nothing, but we conclude that it is not of the 
nature of ordinary force, because there is no example of ordinary 
force producing the effects we observe, and we are forced there- 
fore to attribute these eflfects to the working of some hidden 
power. Neither can the simplest phenomena which are known 
to occur in this germinal matter be caused to take place in 
inanimate matter in our laboratories. 

The smallest masses of living matter are spherical, and the 
largest mass always assumes the spherical form when free to move 
in a fluid or semi-fluid medium. This is common to all living 
matter. The external surface of such a mass or particle of 
germinal matter in contact with air or fluid becomes altered. 
The air or fluid causes a change in the superficial portion. In 
plain language, the living matter upon the surface dies, and, 
according to the conditions under which death occurs, different 
substances may result. These maybe solid, fluid, or gaseous, 
they may be soluble or insoluble in water. They may be soft or 
hard, coloured or colourless. They are formed, and their formation 
is in great part due to the relation which the elements of the 
living matter were made to assume towards each other, during 
the living state, by this supposed vital force or power. This 
relation is fixed and definite, so that from the same kind of living 
matter the same formed substances result. The very same 
elements which lived in the living matter, always enter into the 
composition of the formed material. 

Very small particles of living or germinal matter are 



224 HOW TO WOEE 

represented in Plate L, Fig. 230a!. Now, such particles cannot 
be termed cells, according to the ordinary definition of that word. 
Yet each consists of germinal matter, with probably a thin layer 
of formed material upon its surface. Bach of these may increase 
in size by the absorption of nutrient pabulum into its substance, 
and may then divide and subdivide into separate portions. The 
mucus corpuscle, represented in Plate LII, Fig. 241, also 
consists of a mass of germinal matter which, as it lies in the 
mucus or formed material, exhibits movements as shown by the 
dotted lines. The white blood corpuscle, Plate L, Pig. SSBj', is 
another example of germinal or living matter, which is invariably 
colourless, and which, as is well known, exhibits slow movements. 
These movements I believe to be vital movements* 

The different changes which occur in the germinal matter 
and result in the production of tissue and of various substances 
exhibiting no definite structure, will be readily understood by 
reference to Plates L, LI, LII, LIII, LIV, LV. 

The character of germinal or living matter can also be studied 
very readily in the common Ammha. These low forms of living 
beings are generally found in great numbers in water containing 
a little decomposing vegetable matter. If carefully examined 
under the ,\ of an inch object-glass, the amoeba will be observed 
to alter in form. At various parts of the circumference pro- 
trusions will be observed. These protrusions consist of the 
material which forms the basis of the amoeba. It will be 
observed that this moving material is perfectly transparent, and 
in it no appearances of structure can be discerned. It is true 
that granules and foreign particles may be seen embedded in it, 
but the matter in which the motor power resides is perfectly 
clear and transparent. Motion is communicated to the solid 
particles by the movement or the transparent living matter. 

In the case of blood corpuscles (Plate L), it appears that the 
outer part of the germinal matter becomes resolved into the viscid 
red coloured matter characteristic of the red blood corpuscle. 
The manner in which this takes place will be readily understood 
by Figs. 235, 236, and 237 in Plate L. In mammalia, it seems 
that the whole of the germinal matter of the (white) blood 
corpuscle is soon resolved into red colouring matter. Thus the 
red blood corpuscle results. The latter is not living, but consists 

* See a paper by me " On ' Contractility ' as distinguished from 
purely vital movements." — " Mic. Journal," July 1864. 
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of matter in a colloid state, which very soon passes into a 
crystalline form. In some instances, as in the case of the blood 
corpuscle of the Guinea pig, this change ' occurs within a very 
short time after the corpuscle has ceased to move, as when it is 
withdrawn from the circulation of the animal and placed upon 
a glass slide. In Pigs. 238, 239, 240, some of these crystals formed 
from the red corpuscle of Guinea pig's blood are represented. 

Another simple case, showing the formation of formed material 
from germinal matter, may be studied in cuticle, or in the cells 
upon the papillse of the tongue. At first there is but a very thin 
layer of formed material upon the surface of the germinal matter, 
and this is soft, so that the mass may divide, and each portion 
may be invested with a thin layer of this soft formed material. 
Nutrient pabulum passes through it to the germinal matter 
within, and a portion of the latter undergoes conversion into 
formed material. The germinal matter increases, while at the 
same time new formed material is produced. This is shown in 
Fig. 242, a, b, c, and d ; but now (c and d) a thick layer of formed 
material has resulted, which only permits a very little pabulum 
to pass through. The entire cell does not, therefore, increase in 
size ; but the conversion of germinal matter into formed material 
still proceeds, so that at last but little of the latter remains, as is 
represented in e. 

But let us consider the wonderful effects which ensue 
from a change of the circumstances under which the cell is 
placed. Suppose the hard arid formed material which interferes 
with the access of pabulum to the germinal matter to be 
ruptured, or softened by the action of fluids, so that pabulum 
may more readily come into contact with the germinal matter. 
What happens ? Why, the latter increases. It absorbs this 
nutrient matter, and may even take up the softened and altered 
formed matter, which was itself produced from germinal matter 
at an earlier period. These stages are seen in Fig. 244, /, g, h. 
In Fig. 245 i, the original mass has divided into several, 
and in h these are set free, and being now freely supplied with 
pabulum, they grow and multiply rapidly. Such are the changes 
which are considered to result from what is called " Irritation," 
and which constitute the essential phenomena of "inflammation." 
Irritation, I have tried to show, really means but this,— that the 
access of pabulum to germinal matter is facilitated, and the 
protective external covering of formed material is removed or 
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rendered more permeable by chemical or meohanioal means. 
This is, I believe, the real action of the so-called chemical and 
mechanical irritants.* Nay, this view is of far wider application. 
Heat, I believe, acts as a "stimulus'''' to the development of the 
embryo chick, simply by facilitating the access of pabulum to the 
germinal matter of the living embryo cells. The heat does not 
become the life, for the life is there ; but it is simply one of the 
conditions necessary for the manifestation of this mysterious 
active power. Without the application of heat, the pabulum 
cannot get through the formed material to the already living, 
but minute particles, of germinal matter; but as this is expanded, 
and the perineating properties of the surrounding nutrient fluids 
increased, the pabulum comes rapidly into contact with the living 
particles, which communicate to it the same wonderful power 
they already possess. 

That the formed material is deposited as I have described is 
proved by watching the changes which occur in such a structure 
as ordinary mildew, or in a portion of sea-weed, represented 
in Plate LII, Figs. 260, 251. The various drawings of mildew, 
in different stages of growth, are careful copies from nature, and 
should be attentively studied with the aid of the explanation 
to Plate LII (p. 235). 

The germinal matter, which in all the plates is known by its 
granular appearance, and is indicated by the same kind of 
shading, is in fact the only active part of the cell — nothing can 
be said to live which does not consist of germinal matter. In 
Plate LIU, are represented some growing muscular fibres. The 
masses of germinal matter are large and well-formed. The so- 
called nuclei of the nerve fibres ramifying among them also 
consist of living or germinal matter In tendon, and various 
forms of fibrous tissue, the so-called ' nucleus ' is the germinal 
matter, and the fibrous matter is the formed material {See 
Plate L, Fig. 230 I). So also in cartilage the same simple dis- 
tinction can be made. The so-called ' intercellular substance' or 
' matrix ' is no more intercellular than the so-called ' wall ' of an 
epithelial cell (Figs. 242, 243, 244) is intercellular.t 

In young tissues the proportion of germinal matter in respect 
to the formed material is invariably very great — compare the 

* See a lecture on " First Principles." " Dublin Medical Press, 1863." 
f Of the, formatipn of the so-called intercellular substance of cartilage 

and of its relation to the so-called cells. " Transactions of tlie Microscopical 

^ocieJy."— March, 1863. 
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young nerve cells, represented in Plate LV with the fully-formed 
nerve cell in Plate LIV. Also observe the relative quantities of 
germinal matter and formed material in the young, and advanced 
cells, represented in Plate L, I'ig. 237, k, and m or «., and 
Pig. 242, a and e, respectively. 

In the examples already adduced the formation of the formed 
material takes place upon the outer part of the germinal matter, 
and the layers, first formed, are pushed out by those last produced, 
when the cell increases in size. In many instances, however, 
formed material of another kind is deposited,amow^s< the particles 
of germinal matter. In Plate L, Pig. 231, are represented some 
of the young starch-holding cells of the potato. The so-called 
cell-wall is formed around the germinal matter, while the starch 
is deposited as small insoluble particles in its svbstance. In fact 
by the death of particles upon the surface of the living matter, 
the cellulose ' cell wall ' is formed, while, as a consequence of a 
similar change affecting the particles further inwards, starch 
results. In some of the cells no starch is found in the interior, 
but instead, the wall of the cell is greatly thickened by the 
deposition of a closely allied material upon its internal surface, 
layer within layer, as represented in Figs. 233, 234. As the 
starch-holding cells increase in size, the starch granules become 
enlarged by deposition of layer after layer upon their external 
surface. They still lie embedded in the germinal matter, and 
are separated from the cell-wall by it (this is known as the 
primordial utricle of the vegetable cell, see Fig. 232). 

The fat cell, or adipose vesicle, is formed in precisely the same 
way, and fat may be deposited amongst the germinal matter of 
other cells, such as the cartilage cell, and in nerve and other 
cells in certain cases. The first formation of fat in a fat cell is 
represented in Plate L, Fig. 230, /,y. 

Oxygen acts upon the surface of cells, upon the formed 
material, not upon the germinal matter. The formed material is 
prevented from accumulating around the germinal matter of 
certain cells by the action of- oxygen. It is resolved into more 
soluble substances, which are at once removed, and thus the 
passage of pabulum through the formed material is facilitated. 
In this way a cell may remain of the same size although it 
undergoes most active changes. The formed matter oxidized is 
compensated for by the new formed matter produced, and the 
latter by the productioii of new germinal matter from the newly 

Q 2 
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absorbed pabulum. Oxygen acts npou the 'lifeless matter of the 
cell rather than upon that which lives. It does not support life 
directly, but is necessary to the continuance of life, because it 
alone may be instrumental in converting the products of decay 
and death into soluble substances which can be readily removed. 

In the cell phenomena, above described, the ' nucleus' takes no 
part. What, then, is the ' nucleus,' of which many examples will 
be seen in the drawings in the plates. The nucleus also consists 
of germinal matter. It may be regarded as a new centre arising 
in a pre-existing centre. In many masses . of germinal matter 
there are, in fact, two or three series of centres, one within the 
other. The nucleus is also germinal or living matter, and it has 
appeared as a new centre within germinal matter already 
existing. The vital power or force, whatever its nature may be, 
always manifests itself in ajdireotion from centres,— that is, living 
particles of matter move invariably in this direction, and as they 
move farther and farther away from the centre, their vital power 
becomes less. Living particles do not aggregate together to 
form one mass, but one mass may divide and separate into a 
vast number of distinct particles. 

The term 'cell' was considered to be applicable to all the 
elementary parts of which organic bodies were composed, and if 
it had not been laid down arbitrarily that a ' cell ' involved the 
existence of a ' wall,' certain ' contents,' and a ' nucleus,' there 
would be far less difference of opinion among observers than 
now exists. Distinct properties are still attributed to these parts 
respectively, alth^gh no one has ever been able tq show that 
they really possessed the offices assigned to them. It is obvious, 
however, that a small particle of living matter will not fall und|^ 
the definition given of a cell, nor is it possible, by any reasonable 
interpretation of the terms employed, to bring white blood 
corpuscles and a host of other objects into the cell category. 
To include these the definition must be totally changed. The 
difficulty of including many bodies under the old definition, 
combined with an implicit faith in its truth, has led many 
observers to affirm the existence of a cell-wall, although none 
was present, and at last the supporters of the old cell doctrine 
have taken refuge in the idea that the ' ceU-wall ' may itself be 
fluid and capable of running together like the film of a soap 
bubble. The moving matter of the white blood corpuscles, the 
granular matter around the co-called nuclei of muscle, the col- 
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tents (in parts, or entire) of the vegetable cell, have been called 
' protoplasm,' but those who have employed this word have not 
accurately defined what they include under it, and they still con- 
sider the nucleus as a distinct object performing special functions. 

To avoid entering into a long and tedious discussion upon the 
meaning which should now be assigned to the words in general 
use, I have employed new terms to explain the conclusions I have 
arrived at in endeavouring to ascertain the actual meaning of all 
the different structures met with in various tissues. These new 
terms are those employed in the foregoing account, namely : 
1. Oerndnal or living, matter ; and 2. The formed material. — I 
apply the term germinal matter only to that which lives, 
changes, converts, germinates, &c., while the formed matter never 
possesses any of these properties. Pabulum may become germinal 
matter, the latter formed material — cell-wall, or intercellular sub- 
stance—and this last may be disintegrated. The really important 
point is, that formed material of avery kind was once germinal 
matter, and that new matter is deposited in one definite direction 
only, namely, from within from a centre, so that the oldest part 
of the formed material is that which is most external. 

Moreover, there exists very great confusion among writers with 
regard to the definition of the terms they employ in describing 
the structure of, and changes taking place in, cells, and no 
wonder, for the meaning of these terms undergoes great modi- 
fication from year to year. 

The living cell, then, consists of germinal matter and formed 
mMter. The first is the matter upon which alone growth, 
formation, conversion, and multiplication depend, and these 
nrital processes never occur unless germinal matter, with its 
marvellous vital power, is present. The formed material owes its 
properties partly to the changes occurring in the matter when 
in the living state, partly to the external conditions present 
when the living matter was undergoing change, in fact, at the 
moment of death ; so that I distinguish vital from the physical 
' and chemical changes of living beings, and maintain that in all, 
matter exists in two states ; the first being that in which the 
vital changes go on, while the last is the seat of chemical and 
physical alterations. That force or power which compels the 
matter to assume temporarily the peculiar state characteristic of 
. all living matter, but of living matter alone, I call vital power. 
Of its real nature we know nothing ; but although, in the present 
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state of knowledge, we cati form no conception of the nature' of 
this wonderful power, there are, it seems to me, very strong 
arguments against the notion, now very prevalent, that it is a 
kind of ordinary force, or that it corresponds to what we call 
the peculiar property of each different iiiorganic substance, by 
virtue of which each exhibits certain constant crystalline 
forms, certain constant behaviour towards other substances, (fee. 
From my observations, I can draw but one inference with 
regard to vital power, namely, that it is not any modification 
of any known ordinai-y force, rt is not another mode of motion. 
It is only manifested under certain conditions, but it does not result 
from those conditions. That it does not correspond to the ;bto- 
joerfies of ordinary inanimate bodies, is evident from the fact, that 
it is a power capable of being transferred from complex particle 
to particle, and not only controls the manifestation of ordinary 
forces, but gives rise to the formation of certain compounds and 
structures, which are only to come into use at some distant time. 
A fully formed organ is not first represented by a microscopic organ 
of precisely similar structure, but by a mass without structure 
at all, and the fully formed tissues are preceded by the pro- 
duction of several less elaborate structures. Hence this "vital 
power" governs not only the present changes which present 
matter is to undergo, but prepares in advance for changes which 
are to occur at a future time. It prepares, as it were, for the 
formation of structures long before the compounds are produced, 
from which those structures are to be made. While ordinary 
force seems for the most part to affect the surface of masses, 
vital power acts from the very centre of the most minute particle 
— now power seems, as it were, to be for ever emanating froiil 
the very centre of particles of matter already under the influence 
of this power. While ordinary force may change its form, it 
cannot cease or be annihilated ; but there is no evidence to show 
that vital power changes its form, while, as far as is known, it 
may be said to'oease,— since no one has yet proved that, when 
living matter dies, any kind of force is set free ; and, although 
it has been asserted that more force is taken up in the formation 
of a brain cell of a man than in the formation of a vast 
quantity of vegetable tissue, there is no evidence in favour of 
such an hypothesis but the dictum of speculative writers. 
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As the explanation of the foUomng plates is far too long to insert at the foot of each 
plate, I append it here. 

Explanation op Plates L to LY, iliustkating the 
STBroTUBB ojp the OeLIi. 

Plate %. 

Pig. 230.— a. The smallest visible particles of germinal matter. 
b. Small collections of germinal matter, with a little formed 
material between them (as in mucus). In one, portions are seen 
to project, and t£ these were detached each one would, grow and 
give rise to new masses, c. Germinal matter, with a yery thin 
layer of formed material on its external outface (cell-wall). 
d. Same as the last, but with a new centre of growth (nucleus), 
now comparatively quiescent, but capable of assuming active 
growth, appearing in the germinal matter. If c were ex;posed 
to unfavourable conditions the whole would be destroyed, but 
under similar circumstances the nucleus of d might alone resist 
these influences, and the conditions becoming favourable, would 
grow and produce new elementary parts, although all but this 
small portion of the germii^al matter had been destroyed, e. A 
thick layer of formed material, the whole of which was at one 
time in the state of germinal matter. /. Secondary deposits 
commencing to appear amongst the germinal matter, as fatty 
matter is precipitated amongst the germinal matter of the fat 
vesicle, ff. A further stage of the same process, h. Separate 
masses of secondary deposits, as in the starch-holding vegetable 
cells, i. Deposition of formed material or secondary deposit in 
successive layers on the inner surface of the original capsule, 
spaces or intervals in which currents are continually setting 
in opposite directions during the life of the germinal matter 
being left. Jc. Germinal matter and formed material which is 
granular, the particles of which are becoming resolved into 
several substances as takes place in the elementary part of the 
liver (liver cells). I. Formation of fibres from germinal matter, 
m. Germinal matter belonging to and taking part in the forma- 
tion of the walls of a tube. 

Fig. 231.— Five young starch-holding cells of the potato, 
showing the outer thin layer of formed material (cell wall), the 
germinal matter (protoplasm, primordial utricle) with small starch 
globules precipitated amongst it, also the nucleus and nucleolus. 
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Fig. 232. — A fiilly formed starch-holding cell of the common 
potato. The primordial utricle has been removed from the right 
half, in order to show the starch globules within more distinctly. 
The nucleus and nucleolus are seen in the remaining portion. 
Around are portions of neighbouring cells, the wall of which are 
separated here and there by compressed bubbles of air, indicated 
by the very dark shading. Below are seen some elongated cells 
with nuclei and nucleoli. These probably become spiral vessels. 

Fig. 233. — One of the large cells with thick walls, containing 
no starch, but exhibiting pores which are, however, closed 
externally by a thin layer of the original capsule (cell wall). 

Fig. 234.— A piece of the wall of one of the cells figured in 233, 
magnified 700 diameters, showing the manner in which the 
material applied to the thickening of the wall is added, layer 
after layer, upon the inner surface. The innermost layers are to 
the left hand, in the position in which the figure is placed. 

Fig. 235 — a. Division of very young white blood corpuscles 
of the frog, and formation of the outer coloured portion. 
b. "Nucleus," nucleolus, and outer red formed material, c. 
Change in form of outer red formed material, showing that it 
consists of soft viscid matter, d. Movement of germinal matter 
towards the surface of the red formed material. 

Fig. 236 — g. A young corpuscle of the frog, not yet coloured. 
h. A young red corpuscle ; formation of coloured portion, i. A 
young red corpuscle ; a part of coloured portion fully formed. 
j. A young red corfjuscle ; coloured portion and nucleus. 

Fig. 237 — k. An oval corpuscle of the frog, become spherical 
in weak glycerine. I. Division of germinal matter of " nucleus ; '' 
in the viscid coloured matter of the corpuscle, m and n. Old Jed 
corpuscles which have not assumed the spherical form. Nearly 
the whole of the germinal matter has been converted into coloured 
matter. 

Fig. 238. — Disintegration of the red blood corpuscles of the 
Guinea pig, resulting from the application of slight heat. Some 
have separated into several small particles, each of which has 
assumed the crystalline form. 

PliATB LI. 

Fig. 239. — Changes in form of red blood corpuscles of Guinea 
pig after removal from the body, without the application of heat, 
or the addition of any chemical reagent. 
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Fig. 240.— Disintegration of the red blood corpuscles of the 
Guinea pig resulting from exposure to heat. 

Pig. '241.— Mucus corpuscle. From the mucus of the throat, 
showing the difiFerent forms it assumed within a minute. The 
nuclei are seen in the centre of the parent mass. Portions of this 
have moved away some distance and two are detached. These 
would grow and form new mucus corpuscles. Nuclei might arise 
in the portions detached. The movements observed seem to be 
independent of the nucleus. The nature of these movements has 
not yet been explained, but I consider them to be " vital " 
movements. 

Fig. 242. — Formal epithelial cells in different stages of growth. 
a, is a growing cell near the vascular surface ; h, is an older cell ; 
e, is more advanced ; d, is still older ; and e, is fully advanced, 
and about to be cast off. In all the drawings, the roundish 
granular mass represents the living or fferminal matter, and 
the outer faintly-shaded layer the formed material, which 
was once germinal matter. In the normal state, nutrient 
pabulum gradually passes through the formed material into the 
living or germinal matter. Certain constituents of the pabulum 
immediately acquire the same wonderful powers as the germinal 
matter already existing, while the particles of germinal matter 
upon the surface of the mass undergo change, and are resolved 
into the formed material of the cell- wall, and into other matters 
which pass away. This formed material is always formed from 
within, so that the layers first produced, are pushed outwards by 
the formation of new matter within. This may be incorporated 
with that which was first produced, or several successive layers 
may be formed one within the other. The germinal matter is 
the only formative, living, growing, or active part of the ceU. 
Germinal matter forms germinal matter from pabulum, and 
becomes converted into formed material. The latter is inani- 
mate, and cannot produce matter like itself. 

Fig. 243.— An epithelial cell, with the germinal matter exposed, 
so that pabulum would come into contact with it freely. The 
outer formed material is torn or ruptured mechanically, as in a 
scratch or in consequence of a prick by an insect (' irritated '). 

Fig. 244. — Epithelial cells, the formed material of which is 
softened and rendered more permeable to the nutrient pabulum. 
Under these circumstances the mass of germinal matter increases 
in size, as in f,g, and soon begins to divide into smaller portions. 
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Parts seem to move away from the general mass (A). These at 
length become detached, and thus several separate masses of 
germinal matter, which are embedded in the softened and altered 
formed material, result (Pig. 245, i). 

Fig. 245. — i, k. The germinal matter of epithelial cells increas- 
ing very rapidly as in 'inflammation' and giving rise to 'pns cor- 
puscles.' When the formed material is ruptured or absorbed at 
one point, the germinal matter soon escapes, leaving the remains 
of the cell-wall (formed material of the original cell) behind. Or 
the masses of germinal matter increase in size, and even live at 
the expense of the softened formed material, which was formed 
from the original mass of germinal matter, and at length escape [k). 
The free masses now in contact with the pabulum grow and mul- 
tiply rapidly. Bach forming upon its surface a more or less viscid 
material, which corresponds to the formed material of the cell, but 
is softer and much more readily permeated by nutrient matter. 

In this way the so-called inflammatory product pus results, 
and the abnormal pus-corpuscle is produced from the gtrminal 
or living matter of a normat epithelial cell, in consequence of the 
germinal matter of this cell beittg supplied with pahidu/m much more 
freely than in the normal state. 

I have arrived at these conclusions from studying the changes 
which actvially occur in specimens coloured with carmine, by 
which the "germinal m,atter" can in every case be readily 
distinguished from the "form,ed material" The nature of the 
changes occurring in cells in inflammation can easily be explained 
if the artificial nomenclature of cell-wall, cell-contents, nucleus, 
be given up. In all acute internal inflammations a much larger 
quantity of inanimate pabulum is taken up by certain cells and 
converted into living matter than in the normal state. Hence 
there is increase in bulk. Cells of particular organs, which live but 
slowly in health, live very fast in certain forms of disease. More 
pabulum reaches them, and they grow more rapidly in consequence. 
Fig. 246. — Vibratile filaments and minute particles consisting 
of viscid coloured matter. Blood corpuscles of human subject 
after being subjected to heat, X 1800. These filaments very 
closely resemble bacteria, and must not be mistaken for them. 

FigJ 247. — Bacteria or vibriones magnified 1800 linear. From 
the mouth. 

Figs. 248, 249. — Vibriones and fungi in old epithelial cells of 
the mouth, magnified 3,000 linear. 
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Plate LII. 



Fig. 250. — Gtermination and growth of common mildew stained 
with carmine, x 1800. a. Spores, slightly swollen, showing 
formed rhaterial outside and geYmiwd matter within. S. Spherical 
particles of germinal matter set free from a spore, h. x Spore, 
with its external . envelope . of formed material opened. 
c. Spherical particles of germinal matter within spore increasing in 
size and dividing. Pores visible in envelope, d. Some of the 
particles of germinal matter have increased at one point, and 
have extended from the spore. They continue to grow rapidly, 
being protected only with a thin layer of formed material, 
e. A spore which has much increased in size, but from which no 
off-shoot has proceeded. The thick successive layers of formed 
material are seen. The oldest layer is outside, the youngest in 
immediate contact with the germinal matter. /. A spore from 
which an off-shoot has proceeded. The germinal matter of the 
off-shoot has been destroyed, while that of the spore retains its 
vitality, ff. A part of the thallus, the germinal matter of 
which is dead. The external tubular membrane retains its 
physical characters, h. Portions of thallus in which the germinal 
matter is increasing most rapidly in certain spots. Here 
branches are formed, i. A young branch, k. An older part of 
the thallus, showing the septa of formed material and the points 
at which the germinal matter was originally continuous. The 
formed material is thicker than in h or i, and the germinal 
matter is a little shrunk within its tube. I. A spore from which 
an off- Shoot has proceeded. The envelope is seen to be very 
thin at the summit, where growth is occurring most rapidly. 
m. Spore with two off-shoots from opposite surfaces. These have 
grown and are giving off branches, but the continuity between 
the germinal matter in these and that in the spore still exists. 
n. The germinal matter of the spore is dead, and forms a 
collapsed mass within, while that in the off-shoot retains its 
vitality and is increasing, o. A Very old spore which has 
germinated and grown much larger. An off-shoot has also 
proceeded from it, but, from bang exposed to conditions un- 
favourable to its free extension, lih^ formed material has increased 
enormously in thickness by the deposition of successive layers on 
the internal surface. ' p. A part of one of the stems which grow 
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into the air, bearing on its summit oval capsules, from the germinal 
matter of which the spores are formed, r. A separate capsule. 

Pig. 251. — Two portions of the stem of a sea-weed. a. The 
summit of a growing shoot. Vegetable organisms grew upon every 
part of the outer layer of the formed material. This is increased 
in thickness by the deposition of new layers from the germinal 
matter. The continuity between the masses of germinal matter 
is still seen. h. Prom an older part of the stem, showing the 
mode of formation of the spores. 

These figures illustrate the following points : — 

1. That every living organism, and every elementary part of 
an organism, consists of matter in two states. Germinal matter, 
growing, active,- undergoing change. Formed material, which 
has been formed from the germinal matter, passive, and not 
capable of growing or of selecting nutrient substances. 

2. That the formed mMerial is on the outside of the germinal 
matter, and is increased in thickness by the deposition of new 
matter on its inner surface. The outer part of the formed 
material is the oldest ; the inner that which has only just 
passed from the state of germinal matter. 

3. That the masses of germinal matter are composed of smaller 
spherical particles, and these, again, of smaller spherules (Fig. 
250, 1). 

Fig. 25?. — One of the ganglion cells, with nerve fibres con- 
nected with it, from a nerve distributed to the pericardium of the 
ox. The large nucleus of the ganglion cell is seen, but in its 
substance, principally near the surface, a number of small oval 
nuclei, resembling those in the nerves, are also visible. 

Plate LIII. 

Distribution of finest nucleated nerve fibres to the ver^ narrow 
elemerUary rrmscvlar fhres of the mylo-hyoid of the little green tree- 
frog (Hyla arborea) magnified 1,700 diameters. Drawn on the 
block by the author. 

The elementary muscular fibres are marked g, h, i, h. A is a 
very young one, slightly stretched ; i is a fully-formed muscular 
fibre ; h, another stretched in its central part. The nuclei of 
these fibres exhibit some difference in size and form. Nucleoli 
are distinct in all, and in the fibre marked g the nuclei, which 
were coloured by carmine, exhibit three different iatensities of 
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colour,— the dark central spot, "nucleolus," being most intensely 
coloured, as indicated by the shading in the drawing. 

a is a nerve-fibre which was followed over more than twenty 
elementary muscular fibres from a dark-bordered fibre. One of 
the subdivisions of this fibre is seen at /, where it again runs 
with a very fine dark-bordered fibre (o). The dark-bordered fibre 
(o) was some distance higher up in the specimen, but its place 
has been altered in order to avoid the necessity for a still larger 
drawing. Above b, a nucleus of a very fine i^erve fibre is seen. 
Such nuclei lie upon the surface of the muscular fibres, external 
to the sarcolemma. The nucleus often appears as if it were 
within the sarcolemma (c), but the fibres proceeding from each 
extremity render such a position impossible. The relation of 
these nerve nuclei to the sarcolemma is seen at I in profile. The 
nuclei, as well as the fibres for a certain distance, often adhere to 
the sarcolemma very firmly ; but in the thin mylo-hyoid muscle 
the course of the fibres over or under, but always external to the 
muscular fibres, may be readily traced if the muscular fibres be 
separated slightly from one another, as represented in the 
drawing. 

At d fine nerve fibres accompanying the fine fibre continued 
from the dark-bordered fibre, as described in the " Philosophical 
Transactions" for 1862, are represented. Such fibres are also 
. seen at e and /. 

m, n, and o dark-bordered fibres, with nuclei, near their distri- 
bution, m would probably pass over sixty or 70 muscular fibres, 
and « over perhaps twenty, before it divided into fibres as fine as 
those seen at b, e, f, I. 

p a very fine capillary vessel with a nerve fibre running close 
to it. 

q a bundle composed of six very fine nerve fibres near their 
distribution. These fibres exhibit a very distinctly beaded 
appearance, which is also observed in many other fine fibres in 
different parts of the specimen. 

Traces of connective tissue are seen in all parts near the fine 
nerve fibres and around the muscular fibres. Here and there 
some very fine connective tissue fibres, which were not altered by 
acetic acid, are represented. These represent the remains of fine 
nerve fibres, which existed in a state of functional activity at an 
earlier period. 

The drawing, with the exception of the position of the nerve 
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fibre (o) above-mentioned, is an actual copy from nature. The 
relative position of the muscular fibres, the form and general 
characters of the so-called nuclei, and the position and size of the 
nerve fibres and their nuclei, have been carefully preserved. 

I have traced the very fine nerve fibres in so many instances 
from one trunk to another ramifying at a very considerable 
distance, that I cannot believe any true terminations or ends 
exist. 

Plate LIV. 

Fig. 254. — One of the ganglion cells embedded in the trunk of 
a nerve near the lumbar nerves of the green tree-frog (Hyla 
arborea). The cell was isolated by dissection and pressure in 
glycerine. A straight fibre is seen to be continuous with the 
central part of the cell, and a spired fire or fibres with its circum- 
ference. The matter of which the body of the cell is -composed 
passes into the fibres. The germinal matter was coloured with 
carmine. The broad fibre forming the continuation of the 
nucleated spiral fibre is a true ' dark-bordered fibre.' x 1,800. 
Jan., 1863. It is observed in the specimen that the straight 
fibre passes in one direction in the trunk of the nerve, while the 
fibre continuous with the spiral fibre passes in the opposite. 
This is one of the anatomical facts which has led me to conclude 
that nerve fibres always form complete circuits. 

Plate LV. 

Pig. 255. — A mass of imperfectly developed ganglion cells. 
a, a mass dividing into two. 5, connective tissue corpuscle. 
c, nerve distributed to capillary vessel, e . d, & more advanced 
ganglion cell exhibiting straight and spiral fibres ; its straight 
fibre is much thicker than any in the bundle of fine fibres 
passing into the body of the ganglion, x 1,800. Every one of 
the cells represented in this figure would at length grow into a 
distinct cell, like that seen in Plate LIV. 
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CHAPTEE XII. 

Of Making and Eecokding Miceoscopicai, Obseeta- 
TiONS. — of drawing Inferences ;from Obseroations. Fal- 
lacies TO BE GUABDED AGAINST IN MiCEOSCOPICAL 
Intestigation. — Errors of Observation — Of the Com- 
mencement and Termination of Tubes — On the Difficulty 
of seeing Structures from their extreme Transparency — 
i'ibres amd Mem.branes produced Artificially by the Action of 
Meagenis — A Fibrous Appearance produced in Structure- 
less Membranes — Collections of Oil-globules appearing as 
if within a Cell-^On the accidental Presence of extraneous 
Substances. Of Eecoeding Miceoscopical Obseeta- 
TiONS. — Exactness of Description — Of the Importance of 
making Sketches. 

310. Of making' Observations upon Specimens in the Micro- 
scope. — The eye of the observer requires inuch careful education, 
before he is able to appreciate fully the character of the structure 
which he is examining. If, upon examiuation, a specimen does 
not appear to him to justify the description or delineation which 
some observer has given of a similar structure, he must not too 
hastily infer that the author has been recording the results of 
his imagination rather than obserred facts. We must remember 
that the conclusions which have been arrived at are probably the 
result of a very long and patient investigation, deduced from 
examining a specimen under very diflFerent circumstances, after 
the application, perhaps, of various chemical reagents, and after 
ascertaining the effect of different refractive media. From the 
remarks made in Chapters V and VI, some idea may be foi^med 
of the many different operations which are necessary to demon- 
strate conclusively the anatomy of a single tissue. The observer 
must not, therefore, be to'o hasty in deciding upon the nature of 
an object in the microscope ; neither must he infer that what he 
has not been able to see does not therefore exist. 

Some fall into an error of the very opposite description, but 
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not less detrimental to forming habits of correct observation. 
Led away by their imagination, they think they see everything 
which has been delineated, or which they have heard described ; 
the observations of authors are confirmed in expressions closely 
resembling the original, and thus, in point of fact, their own 
testimony is brought forward, though not directly by themselves, 
a second time in favour of their original doctrines, without any 
real confirmation of the accuracy of their views being advanced. 
In this manner errors have been propagated and increased to 
an extent almost incredible, and years of laborious investigation 
have been spent in overthrowing statements which had never 
resulted from actual observation, in the first instance. Sometimes 
an idea, taking for its ingenuity and novelty, but having no 
foundation in fact, is seized by a number of persons, and sup- 
ported by so many different observations, that it comes to be 
received as true, and is perhaps believed in for years, until some 
one reinvestigates the whole question, and demonstrates the 
absurdity of the doctrine. 

311. Of Drawing Inferences ftom Observations. — No one en- 
gaged in the pursuit of any branch of natural science is more 
tempted to be led into too hasty generalisation than the micro- 
scopical observer. It is his duty, therefore, to avoid drawing 
inferences until he has accumulated a vast number of facts to 
support the conclusions at which he has arrived. True general!-: 
sations and correct inferences promote the rapid advancement of 
scientific knowledge, for each new inference clearly forms the 
starting point of a fresh line of investigation ; but we must 
remember that, on the other hand, every false statement, re- 
garded as an observed fact, forms a terrible barrier to onward 
progress, since, before the slightest useful advance can be made 
it is necessary to retrace our steps, it may be for a considerable 
distance, before we can hope to recommence our onward course. 
Again, a much greater amount of evidence is always required to 
overthrow a false conclusion than is suflScient to propagate the 
error ; and there can be no task more unsatisfactory than to be 
compelled to subvert the opinions and deductions of others. 

In this sort of inquiry I think it is a good plan not to make 
too minute notes during the progress of the investigation, but to 
retain, as far as may be, the facts observed, in the memory ; and 
when the whole matter is made out, but not before, to begin 
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writing and /recording the observations. Otherwise, imperfectly 
observed facts, are liable to be set down as actual facts, and 
argued upon as truths ; and thus the observer is perhaps gra- 
dually led more and more astray, until he ends by a conclusion 
utterly at variance with the real truth. 

Scientific inquiry ought continually to advance, and we should 
be able to extend our researches from the point where they have 
been left by our predecessors, adding successively to what they 
had discovered; but the observations which we owe to them 
should not require correction. In not a few instances must we 
feel the highest respect for the careful observations of the older 
observers, and I fear it must be reluctantly confessed, that many 
of our modern researches are not carried out with the same 
patience, .painstaking industry, and conscientious care as theirs, 
and for this reason are likely to be but short lived. 

Now, there are many mistakes which an observer is very likely 
to commit, unless he be warned of their nature in the first 
instance. Some of these it will be well for me to advert to as 
briefly as possible. 
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Investigation. 

Many mistakes have arisen in consequence of sufficient care 
not having been taken to prevent the introduction of various 
substances by accident. The most scrupulous cleanliness must 
always be observed in microscopical examination, and any foreign 
particles which may have accidentally come into contact with the 
preparation must be carefuUy removed before it is mounted. 
The plan of proceeding will depend much upon the nature of the 
texture and that of the foreign matter. Mere dusting with a 
camel's-hair brush, washing in a stream of water, or picking out 
the object with needles, are simple plans which are often efficient 
in a general way, but in some cases other processes are required. 
See §§ 86, 180. 

Sia. Errors of Observation. — Every observer must be careful 
to avoid making erroneous observations. One is liable, not only 
to draw false conclusions from observations, but the observations 
themselves are not unfrequently erroneous. I ^opose to draw 
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attention to a few of what appear to me frequent sources of 
difficulty and doubt even to the most experienced. 

313.' Of the Commencement and Termination of Tubes 

The modes of commencement or termination of certain vessels or 
tubes have long been sources of dispute among observers. There 
are not a few instances where positive statements have been 
made that certain tubes commenced by ooeoal or blind 
extremities ; while contradictions equally positive have been 
advanced by others, who have aflBrmed that the very same tubes 
commenced as a network, and presented no blind extremities 
whatever. It would be supposed by many that this point might 
be determined beyond all doubt by injecting the tubes with some 
coloured material. But this is not so. Injection will frequently 
run up to a particular point in the minute vessels, while no force 
which could be applied could drive it further onwards. Here, 
therefore, it accumulates, and often to a very considerable extent ; 
the portion of the tube above the constriction being considerably 
dilated by the pressure which has been applied. Under these 
circumstances it is impossible to trace the further continuity of 
the vessel, owing to the extreme transparency and delicate nature 
of the tissue of which its walls are composed. Indeed, these may 
be quite invisible in an unprepared specimen. The observer is 
thus led into the error of supposing that such tubes terminate in 
blind extremities, whereas they may really form a network with 
large meshes, or they may be continuous with other structures 
beyond ; and that which was taken for the termination or com- 
mencement of the tube may really be nothing more than a 
bulging in a central part of its course. In many thin sections of 
the kidney an appearance as if the tubes terminated in free 
blind extremities is produced in consequence of the convoluted 
portions of a tube lying in such a position that the recurved 
portion is immediately beneath the most superficial part of the 
tube. From a mere examination of the specimen it would be 
impossible for any one to say that this was not the case. In 
such instances the real disposition of the parts is only to be made 
out by a careful examination of the structure under different 
circumstances and prepared in various ways. Thus the idea that 
the tubes end by blind extremities may be shown to be quite 
inconsistent with the appearances observed in one particular 
mode of examining the texture. I am unable, however, to devote 
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much time to the consideration of this part of my subject, or I 
might review the various methods in which a tissue is examined, 
and show how by a consideration and comparison of the different 
facts observed, one is enabled at length to embody the results 
arrived at in several different inquiries, and form an idea of the 
real structure of the part. The remarks offered in Chapters V 
and VI may be referred to. 

314. On the DifS.culty of Seeing: Structures from their 
Transparency — Another fallacy arises from the great trans-, 
parency of certain structures. Oftentimes a membrane may 
appear perfectly clear and transparent when in reality it is 
covered with a delicate layer of epithelium, which only becomes 
visible by being immersed in some special fluid or treated with 
some particular chemical reagent. On the other hand, there are 
instances in which an appeara,nce resembling that produced by 
the presence of a cellular investment is perceived where no cells 
whatever exist. A peculiar corrugated state of uninjected 
capillaries, and the cells in the walls of the capillary vessels 
themselves, sometimes give rise to these mistakes. Basement 
membrane, from its extreme delicacy and transparency, is often 
only recognized by the folds into which it is thrown, or by the 
debris and granular matter which is accidentally adherent to it. 
Sometimes it becomes visible when immersed in a slightly- 
coloured solution, instead of in perfectly pure water. 

315. Fibres and Membranes Produced by the Action of 
Reagents Artificially.— On the other hand, by the action of 
reagents a fibrous appearance is sometimes produced which, 
without care, may be mistaken for actual structure. The 
addition of acetic acid to many preparations frequently produces 
a swelling of the tissue, with the elevation of a clear membranous 
structure, which might be termed basement membrane, but 
which has really been formed in this manner. Thus the outer 
uncalcified portion of the cells of the enamel of a young tooth, 
may be made to swell up into a transparent mass, which was 
mistaken by Prof. Huxley for the membrana preformativa. 

316. A Fibrous Appearance Produced in Structureless 
Membranes.— Clear, transparent, and apparently structureless 
membranes, when pressed, torn, and twisted, have a fibrous 
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appearance, and delicate vessels, whose coats are perfectly- 
transparent when pressed and collapsed,- may be very easily 
mistaken for a form of fibrous tissue. Both capillaries and fine 
nerve fibres may be mistaken for fibres of elastic tissue. 
Capillaries uninfected and stretched, can only be distinguished 
from fine nerve fibres with the utmost difficulty. If any doubt 
exist in such a case, it may always be cleared up by injecting the 
capillaries of the part with a clear transparent material, like 
plain size, when, if the fibrous appearance is not real it will be 
lost; while if fibres really existed, they would still be visible. 
The presence of capillary vessels in a structure has been 
entirely overlooked in consequence of their being collapsed and 
shrunken, in which state they have been described as fibrous 
tissue. 

317. Colleotion of Oil Globtaes Appearing- as if -writliin a 
Cell. — OU globules in fluid not uncommonly form small and 
nearly spherical masses or collections, which become covered 
with a certain quantity of mucus or viscid matter and granjiles, 
originally contained in the fluid, bo that the little intervals 
between the minute oil globules become filled up ; the outhne 
of the mass is perfectly clear, and sharp, and well defined, and 
from mere ocular examination it is impossible to Say that the 
oil globules are not enclosed in a cell-wall. A consideration of 
the circumstances under which such structures have been met 
with, will often assist us materially in determining their real 
nature. Such cells may be prepared artificially without the least 
difficulty, and in some cases it would not be possible to distinguish" 
the artificially formed cell from the natural cell by mere mifro- 
scopical examination in water, and the process of tinting woijld 
only act in cases of natural cells which were quite fresh. It 
need scarcely be said, however, that with respect to the formation • 
of these bodies there is no analogy whatever. Of the artificial 
cell the most external part was last formed. It was deposited 
around a collection of particles. But in the natural ceE the 
outer part is the oldest part. It was produced before the matter 
in the central part of the cell was formed. Probably the only 
observer who maintains that living cells are formed by the aggre- 
gation of granules, is Dr. Hughes Bennett, of Edinburgh, who 
thinks that a bacterium is formed by the coalescence of already 
existing particles. Dr. Bennett admits, however, that such simple 
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organisms multiply by division. See a controversy upon this 
subject in the "British Medical Journal," Jan., Feb., March, 1864. 

318. On the Accidental Presence of Extraneous Substances. 
— I believe, however, that the most common errors may be traced 
to the accidental presence of substances which are not familiar 
to the observer, and which are mistaken by him for bodies 
derived from the organisms he is investigating. 

When we consider how minute many of the structures rendered 
evident to the eye by the microscope are, we shall scarcely 
wonder that many light substances are liable to come in contact 
with the specimen which is under examination. The cotton or 
flax fibres from the cloth, starch globules which adhere to the 
thin glass (for the small pieces are often kept in starch), portions 
of feathers, various kinds of hair and Qil-globules are among the 
substances which are most frequently met with in examining 
different structures, and I need hardly say that their presence is 
purely accidental. That I am not giving needless caution upon 
this head, is shown by the fact that in a well known and otherwise 
highly valuable publication, a drawing of what is evidently a 
portion of feather is described as a representation of lympliatic 
vessels, — vegetable hairs are described as nerve fibres, and several 
other errors equally unpardonable occur. Now, such mistakes 
could only arise from utter ignorance of the characters of some of 
the commonest objects with which every observer ought to be 
very familiar. I would very strongly recommend every one to 
study the characters of all these substances before he attempts to 
make any original observations. He is' sure to meet with them 
from time to time, and the sooner he is well acquainted with 
their characters the better. 

The following should be very carefully examined : — 

Oil globules, milk. 

Potato, wheat, and rice, starch, and bread crumbs. ' 

Portions of feathers ; worsted. 

Fibres of flax; cotton; and silk of different colors. 

Human hair, cat's hair, hair from blankets. 

Fibres of wood swept from the floor, fragments of tea- 
leaves, hairs from plants, vegetable cellular tissue, and 
spiral vessels. 

Particles of sand. 
Many of these extraneous substances are figured in Plate LVI. 
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In the examination of deposits from fluid we must bear in 
mind the possibility of the introduction of a small quantity of one 
deposit into another by the pipette used for examination, and in 
this simple manner much difficulty and confusion may be caused 
to the microsoopist. The pipette should be well washed imme- 
diately after it has been used, and the water which is. used 
should be very frequently changed. In taking fluids from 
different bottles and other vessels the possibility of introduoiDg 
various substances must be borne in mind. 

319. Of Becording: Illcroscopical Observations.— Taking notes 
of microscopical observations is a subject of great importance. The 
observer must endeavour to acquire the habit of describing in 
words the appearance of objects under the microscope. This is 
probably not so easy as would at first be supposed, although un- 
doubtedly many persons are able to describe what they see much 
more correctly, and with greater facility, than others. Accuracy 
in describing microscopical specimens can only be acquired by 
practice, and I think it a most excellent rule to take notes of the 
appearances of every object submitted to examination. The time 
is well spent, and much of what is so described is retained in the 
memory. The notes should be short, and should consist of a 
simple statement of points which have been observed. Inferences 
should be carefully avoided, and nothing should be stated without 
the observer being thoroughly satisfied of its accuracy. If he is 
not quite certain of any observation, he should express his doubts, 
or place a note of interrogation after the statement. The use of 
indefinite terms should be avoided as much as possible, and when- 
ever any particular word is used, a definite meaning should be 
attached to it. Much confusion has arisen from the use of terms 
which have not been well defined. Thus, the *ord "granule," by 
many authors, is applied to a minute particle which appears as a 
small speck even when examined by the highest powers, as well 
as to a small body with a perfectly clear centre, and'with a well 
defined sharp outline, which would be more correctly termed a 
small "globule." So, again, the term " mofecM^e " has been em- 
ployed in some cases synonymously with "granule," but it would 
obviously be wrong to speak of a small globule as a molecule. It 
seems to me very desirable to restrict the terms "granule" and 
"molecule" to minute particles of matter which exhibit no 
distinct structwre when examined by the highest powers at our 
disposal, and the term " globule " to circular or oval bodies of all 
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sizes which have a clear centre, with a well-defined dark outline. 
Other examples of the use of insufficiently-defined terms might be 
pointed out. If an observer makes use of a term which is gener- 
ally employed without any definite meaning being attached .to it, 
he should describe at length the meaning which he assigns to it, 
and should, of course, use it only in this one sense. 

830. Exactness of Description should ajways be aimed at, 
and we must remember that with a little trouble this exactness 
may be obtained with the use of a small number of words. That 
appearance of precision which is often attempted by employing 
long useless descriptions cannot be too much condemned. So, 
also, the practice of some, of describing every object in the field 
of the microscope without the smallest knowledge of any one of 
them, has been the cause of much ridicule, and has brought 
microscopic observation into great disrepute. Some have thought 
to gain the credit of being accurate observers by carefully 
measuring every object they see in every diameter, and putting 
down in numbers the results of this useless ceremony. 

Such reports show that the author is thinking more of himself 
than his subject. He attempts to acquire a character of extreme 
minuteness of observation, instead of striving to advance the real 
interests of the science which he professes to serve — and instead 
of endeavouring to excite in the mind of the reader a desire for 
more extended knowledge and a wish to take part in a similar 
investigation, he perpetually gives undue prominence to himself. 
He who feels a real love for his subject, will try all he call to 
enlist others in the same cause ; he will try to remove all diffi- 
culties of investigation, and endeavour to express what he has 
learned himself, in language which shall be intelligible to all. A 
certain mysterious air pervading the description of an obser- 
vation, — an evident desire to coin new words, — and exaggerated 
statements of the importance of the facts observed, are quite mis- 
placed where all should be clear, simple, and intelligible to every 
one, — and too often show indifference to the subject on the part 
of the author, and a wani of consideration towards unlearned 
readers. Nothing, I believe, has been productive of so much pain 
and sorrow to earnest men who have devoted long lives to the 
prosecution of different branches of natural science, or retarded 
the real progress of scientific inquiry, more than that affectation 
~of precision, and minute verbose and pompous style of description, 
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which has been fashionable among some microsoopists, and which 
pervades the writings of several authorities in this imperfectly 
developed branch of investigation in the present day. All this is 
mere pretence, and not real, earnest, useful work, — distasteful to 
every scientific man and discouraging to every student. An 
extreme minuteness in description is by no means a proof of 
accuracy of observation. In this manner scieilce becomes encum- 
bered with unnecessary words, and earnest students are often 
intimidated when they commence investigations for themselves. 

321. Of the Importance of Making' Sketches,— Of the great 
importance of drawing I have already spoken. Even mere 
sketches in outline are of great value if the size has been correctly 
observed.- Such sketches may be made upon ordinary smooth 
writing paper, cardboard, or, if preferred, on the thin tracing 
paper. 
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TABLES FOE PEACTISIKG THE USE OF THE 
MICEOSCOPE AND MICEOSCOPICAL MANI- 
PULATION. 

*«* -^1 y^° desire to become practically familiar with the use of the 
microscope, and to learn how to observe, are strongly recommended 
to submit to the routine which a conscientious practice of the ex- 
periments given in the following Tables necessarily involves. The 
author is fully persuaded that the patient prosecution of the course 
recommended, for two or three bours, on eight different occasions, 
will enable the student to obtain a practical acquaintance with the 
elements of microscopical inquiry, which it is not possible for him 
to acquire by reading, or indeed, by any other plan. 



TABLE I. 

AKRANaEMElfT OF THE InSTKTTMEKT rOB OBSERVATION. — DBAWIIfa 
AND MbASUBING ObJECTS. 

1. Arrange the microscope for examining objects by transmitted 

Ught.— § 30, PI. 15, Fig. 48. 

2. Examine the objects upon the slide' with the inch, and after- 

wards with the quarter of an inch object-glasses, using first 
the shallow, and afterwards the deep eye-piece. — §§5,6, 
PL 1, Figs. 4, 5. 

3. Arrange the mirror in such a manner that the rays of light 

may pass through the object in a direct course or obliquely. 
— § 9, PI. 2, Fig. 10. 

4. Examine the same object under the quarter of an inch object- 

glass with the achromatic condenser, and afterwards with- 
out the use of this instrument. — § 32, 1*1. 17, Fig. 57. 

5. Draw upon paper some of the objects^ on the slide. — § 41. 

a. Judging of the size by the eye alone. 

b. By placing the paper on a level with the stage. 

c. With the aid of the neutral tint glass r^ectof . — § 44, 

PI. 16, Fig. 51. 

6. Ascertain the diameter of the objects upon the slide,^ using 

the inch object-glass and stage micrometer divided to 
lOOths of an inch, with the aid of the neutral tint-glass re- 
flector.— §§ 44, 62, PI. 16, Fig. 51. PL 17, Fig. 59. 

7. What is the magnifying power of the two French and English 

object-glasses on the table.*^-§ 63. 

a. With the shallow eye-piece. 

b. With the deep eye-piece. 

8. Measure the angles of the crystals' upon the slide.— § 68, PL 20. 

■ Scales from the wing of a butterfly. » Trachea from a caterpillar. 
' Fragments of human hair. * French quarter and one inch. — English 
quarter and one inch. * Crystals of cholesterine. 
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TABLE II. 

Examination op Objects bt Direct or Reflected Light, 
Transmitted Light, and Polarized Light. 

9. Examine the objects upon the slide' and carefully note the 
diflferent appearances produced by examining them, 

1. By reflected light as opaque objects, employing, 

a. The bull's-eye condenser.— § 25, PI. 1 6, Pigs. 49, 50. 
5. The Lieberkuhn and a stop.— § 27, PI. 17, Fig. 56. 

2. By transmitted light, employing, 

a. Direct rays. 

h. Oblique rays. ■■ 

S. By polarized light, 

a. Employing the polarizer and analyzer only. — 

PI. 16, Figs. 63, 54. 
h. After placing beneath the objects a plate of 

selenite. 

10. Examine some of the same crystals in different media, as 

described in § 155. 

a. In air.— PI. 31. 

b. In water.— PI. 31. , « 

c. In turpentine, oil, or Canada balsam. — PI. 31. 

11. Examine the different appearance of the globules of potato- 

starch under the same circumstances. 

12. Notice the microscopical characters of air-bubbles and oil- 

globules,'^ and examine them by reflected and by transmitted 
light.— §§ 167, 168, PI. 36, Figs. 161, 162, 163, 164. 

' Spherical crystals of carbonate of lime. 

' Small air-bubbles can be obtained by shaking a little gum-water in a 
bottle. A drop may then be placed upon a glass slide. Milk affords oil- 
globules in abundance. 



THE MICEOSCOPE AND MAtflPULATIOir. 251 

TABLE III. 

Ok Making Cells for Peesbkting Microscopical Specimens. 

13. Make a paper cell and attach it to the glass slide. — § 114. 

14. JMake a thin cell with the aid of marine glue, and another 

with tinfoil— § 117, 118, PI. 24, Fig. 96. 

15. Make some square thin cells of Brunswick black, and some 

circular cells with the aid of Mr. Shadbolt's apparatus. — 
§ 116, PI. 24, Pig. 93. 

16. Cut some squares of thin glass with the writing diamond. — 

§120. 

17. Cut some circular pieces of thin glass, using the brass circles. 

— § 120, PI. 24, Figs. 94, 99. 

18. Make some thin glass cells in the manner directed in §§ 124, 

125, PI. 25, Fig. 101, and when complete, grind the upper 
surface upon the emery slab. 

19. Cut with the glazier's diamond some slips of glass, three 

inches by one incli, for slides. — § 119, PI. 24, Fig. 98_ 
PI. 25, Fig. 105. 

20. Make a cell of thick glass in the manner described in §§ 127, 

128. PI. 25 and 26. 

21. Make a deep cell of gutta percha. The gutta percha must 

be softened in hot water and then moulded upon some 
object the size of the required cell. — § 131. 
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TABLE ly. 

On Making Minute Dissections. — CuTTiNa Thin Sections op 
TissTTBs roK MiCBoscopicAii Examination. 

22. Trace the nerves in the portion of tissue on the table. Pin 

it out on a loaded cork, and dissect it beneath the surface 
of water with the aid of a strong light condensed upon it 
by the large bull's-eye condenser, in the manner directed 
in § 141, PI. 29, Fig. 121. 

23. Cut some very thin sections of the different soft tissues upon 

the table.— § 144. 

a. Using the scissors.— PI. 22, Pigs. 78, 79,. 80. 
I. Using the double-edged knife.— PI. 22, Fig. 81. • 
c. Using Valentin's knife.— PI. 22, Fig. 82. 
All these instruments must be well wetted before the section 
is removed. — § 144. 

24. Place some small pieces of tissue in the compressorium and 

dissect them under the microscope in the maimer described 
in § 153, PI. 30, Pigs. 126, 127. 

25. Make some thin sections of wood with the aid of the section 

cutter aUuded to in § 152, PI. 30, Fig. 125. 

26. Place some of the sections of pith or bone in thin cells, cover 

them with thin glass, and let them be preserved as dry 
objects. — § 157. 

27. Ascertain, the effect of the different preservative solutions 

upon the appearance of the sections in the microscope. — 
§§ 99, 100, 102, 106, 107. 

28. Place some of the sections which have been allowed to soak 

for half an hour in the fluid in which they are to be 
preserved in thin glass cells, and apply the thin' glass cover, 
observing the precautions detailed in page 93. Remove the 
fluid outside, and anoint the edge with Brunswick black, 
which must be applied with a small brush. 

29. Make a thin section of the injected tissue on the table and 

preserve it in gelatine and glycerine. — §§ 100, 105, 106. 

30. Dry another section and mount it in Canada balsam. — §165. 
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TABLE V. 
KiDiTBT.— MtjscttiiAb Fibre.— Pis's-skin.— Pith. — ^Wood.— 
Spiral Vessels. — Vallisneria. 
31. Make thin sections of the sheep's kidney upon the table, and 
after washing them, subject them to examination with the 
inch, and afterwards with the quarter. Some may be 
examined in water and others in glycerine. One section 
should be mounted in the mixture of gelatine and glycerine. 
— § 106. Observe the different characters of the tubes in 
the central and in the cortical portions of the organ, and 
endeavour to make out the following structures : — S(pithe- 
Hum, lasement memhrane of the tvhes, Malpighian bodies and 
capillary vessels lying between the tubes. The arrangement 
of the vessels may be satisfactorily demonstrated- in an 
injected specimen. — Table VII. 

32. Take a very small fragment of the muscular fibre of the 

skate or eel, and after tearing it up with needles, moisten 
it with water, and cover it with thin glass. Endeavour to 
find elementary fibres in which the tube of sarcolemma 
remains entire while the sarcous tissue within is ruptured. 
— § 136. 

33. The portion of pig's-skin on the table has been allowed to dry 

by exposure to the air. Thin transverse sections are to be 
removed with a sharp knife, and subsequently moistened 
with water. In this manner a very thin section may be 
obtained, which soon regains its normal appearance. It 
may be mounted in any of the preservative fluids before 
alluded to.— § 145. 

34. Cut thin sections of the cornea and sclerotic of the eye which 

have been allowed to dry after having been pinned out on 
a board ; soak them in a drop of water for twenty minutes 
or more, and examine them first with an inch object- 
glass and afterwards with a quarter. 

35. Cut a thin section of the pith of the rush and examine it as 

a dry object ;. afterwards place it in fluid. Observe the air 
within many of the cells. 

36. Demonstrate the circulation in the cells of vallisneria spiralis. 

_§ 163. ^ 

37. Wash some pieces of the sea-weed in plain water, and pre- 

serve some of them in glycerine, and others in solution of 
chloride of calcium. — § 163. 
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TABLE TI. 

MAKiifa Thin S'eotions or Bone and Hair, and MorNiiNS 
THEM IN Canada Balsam. — MouNTiNa Different Paets 
OF Insects.— Separation of Deposits from Fluids. 

38. Cut some thin sections of bone with the saw and grind them 

to the required degree of tenuity between the hones. — § 149. 

39. Upon microscopical examination they will be found covered 

with numerous scratches which must be removed by 
rubbing the sections upon a dry hone, and afterwards upon 
a piece of plate-glass. — § 149. 

40. When the sections of bone are sufficiently smooth, mount 

one of them at once in balsam, and treat another section 
I with turpentine before immersing it in the balsam. 
Compare the different microscopical characters of these two 
specimens. — § 166. 

41. Cut some thin transverse and longitudinal sections of hair, and 
. examine them under the quarter of an inch object-glass. 

These may be washed in water and mounted in Canada 
balsam.— § 148. 

42. After drying several portions of the insects in a capsule over 

the water-bath (claws, antennae, wings, eyes, spiracles), 
moisten them with turpentiiie and mount them in Canada 
balsam. — § 165. 

43. After the deposit suspended in the fluid in the conical glass 

has subsided,' a portion is to be removed with the pipette 
and placed in a cell, or in the animalcule cage, for examina- 
tion.— § 173, PI. 35, Fig. 157, PI. 11, Fig. 32. 

44. The fluid may then be allowed to evaporate spontaneously or 

by placing the slide under a bell-jar over sulphuric acid, 
and the residue mounted in Canada balsam. 

45. Subject some of the infusoria in the specimen of water on 

the table to examination with a quarter of an inch object- 
glass.''— § 175. 

> Small marine shells, sand, &c. 

« Water containing portions of vegetables which had been tept for 
several days. 



THE MICEOSOOPE AND MANIPULATION. 255 

TABLE VII. 

On IifjEOTiNO WITH Opaque and Transpakbnt Materials. — 
Prussian Blue Fluid for Injection. 

46. Arrange the injecting apparatus conveniently (§ 204) and 

proceed to inject the artery supplying the eye-ball of the 
ox's eye on the table, with size and chromate of lead. — 
§§ 185,^188. 

47. Eye. — Introduce the pipe into the vessel running close to the 

large optic nerve, and tie it carefully, observing the pre- 
cautions detailed in §. ^04. The eye must be allowed to 
remain in warm water until warm through, and the inject- 
ing material prepared in the manner described ; it is to 
be mixed with melted size and strained immediately before 
use. When the injection is complete the eye is to be 
placed in cold water. Should it become very much dis- 
tended by the accumulation of the injection within it, a 
puncture may be made in the cornea, which will permit the 
escape of the aqueous humour, and then the vessels may be 
moi'e completely injected. — § 204. 

48. Prepare some Prussian blue injecting fluid. — § 196. 

49. Frog. — Insert an injecting pipe into the aorta of the frog in 

the manner described in § 204, and. slowly inject the fluid. 

50. The specimens having been completely injected portions may 

be submitted to microscopical examination. — § 205. 

51. The globe of the eye may be opened and portions of the 

following tissues removed with scissors, ciliary processes 
situated behind the iris, the retina (the most internal of 
the membranes within the globe), the choroid (external to 
the delicate retina). These, after having been carefully 
washed in water, may be submitted to examinatjion in fluid 
with the inch object-glass. 
The ciliary processes and the choroid require to be well 

washed in order to remove the black pigment with which 

they are covered. 
62. Portions of the lung and intestines of the frog may be 
removed and after being well washed, may be submitted 
to examination. These are to be examined by transmitted 
light, and may be placed in glycerine. The inch, object- 
glass should be employed in the first instance, and aftewards ' 
the quarter. 
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TABLE yill. 
Of the Use of Chemical Reagents in Microscopical 

iNVESTIQATIOIf. 

53. Test the powder on the glass slide for the presence of car- 

bonate,' using the precautions detailed in § 239. 

54. Bach of the solutions^ is to be diluted and separately tested 

for sulphates, phosphates, and chlorides. — § 239. 

55. Make some crystals of oommon salt. 

a. By evaporating a solution rapidly to dryness on a glass 
slide. 

I. By allowing the solution to evaporate slowly until 
crystals form, when a thin glass cover may be applied 
and the crystals subjected to microscopical examin- 
ation.— § 244, PL 43, Fig. 200. 

56. Fill one of the little bottles with capillary orifices with 

acetic acid.— § 236. 

57. Examine some of the white fibrous tissue' under a quarter, 

before and after the addition of a drop of acetic acid. — 
§227. 

68. Ascertain the effect of a solution of caustic soda upon the 
cells on the slide."— § 230. 

59. Describe the microscopical characters of the structures upon 

the glass slide,* and sketch roughly their most important 
characters.— §§ 67, 320. 

60. What is the nature of the substances forming the deposit in 

the glass."— § 318. 

' Chalk. 

^ Sulphate of soda, phosphates of lime, and ammonia and magnesia, and 
common salt dissolved in water to which a few drops of nitric acid have 
been added. 

3 The white tendon of a muscle of any small animal, as a mouse, &o. 

4 Cuticle. 

6 Bye and proboscis of a common fly. 

6 Potato-starch, blanket-hair, portions of feathers. 
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APPAEATUS EEQTJIEED IN" MICEOSCOPICAL 
INVESTIGATION. 



I. — The microscope. 



NEOESSAET. 

1. Microscope with large stage, firm tripod 
stand, coarse and fine adjustments, double 
jnirtor, and arrangement for inclining 
body; generally termed the Students 
-§ 15, PI. 3, 4, 5. 



The student's microscope with two powers 
and hull's-eye condenser costs from five to ten 
guineas. 



2. Pocket Clinical or Field Microscope, in 

case, with pipettes, test tubes, &c. § 21. 

3. Object-glasses. — 1. The inch magnifying 

from 30 to id diameters, the glasses of 
which can be removed one by one, so 
' that lower powers can be obtained. 
2. The quarter, oi an inch magnifying 
about 200 diameters. These glasses 
should define well, the field should be 
perfectly fiat and free from coloured 
fringes, and they should admit a suffi- 
' cient amount of light.— § 6, PI. 1, Fig. 5. 



ADVANTASBOUS. 

Large Microscope pro- 
Tided with moveable 
stage and all the 
modern improve- 
ments. — § 17, 

With two powers, this 
instmment costs from 20 
to 30 guineas. 

Microscope for Travel- 
ling.—^ 19. 

Binocular Microscope. 
§18. 

Two-inch ohject-glass. 
§6. - 

Eighth of an inch. — § 6. 

Twelfth of an inch. 

Twenty fifth.— ^ 305- 



II.— Accessory Apparatus. 



4. Diaphragm plate.— ^ 13,31, PI. 2, Fig. 9. 

5. Bulls-eye condenser.-^ -25, PI. 16, Figs. 

49, SO. 



OUlett's achromatic con- 
denser. — § 33. 

Polariscope. — ^ 36, PI. 
20, Fig. 69. 

Spot glass— ^ 29, PI. 
17, Fig. 58. 
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For Artificial Illumination. 

NBOESSABT. ADVANTAQEOUS. 

> 

6. Small French moderator lamp.— § 39. Smith & Beck's cam- 

phine lamp, or Mr. 
Highley's gas lamp. 
§ 39, PI. 16, Pig. 55. . 

III.— Apparatus for Drawing Objects. 

7. Neutral tint glass reflector.— % H, PI. 16, 

Fig. 51. 

8. Common hard pencils, steel pens, Indian 

ink, fine Bristol board, smooth white 
paper. 

IV.— Apparatus for Measuring Objects and for Ascertaining' 
the Magnifying Power of tbe Object Glasses.— §§ 58 to 66. 

9. Stage micrometers divided into lOOths Nobert's lines, -which 

and lOOOths of an English inch. — § 60. may be used also as 
Neutral tint glass reflector. test objects. — § 61. 

10. Maltwood's finder.— § 67. 

I 

v.— Instruments and Apparatus for General Purposes. 

11. Wire retort stand.— ^ 70, PI. 21, Fig. 72. Water bath.—^ 73, Fig. 

12. Tripod wire stands.— ^ 71, PI. 21, Figs. 76. 
75, 77. 

13. Spirit lamp.—^ 69, PI. 21, Fig. 73. 

14. Evaporating basins. 

15. Watch glasses. — § 85. 

16. Thin glass.— % 84. 

17. Plate-glass slides. — § 83. 

VI.— Instruments for Making: Dissections and for Cutting Thin 
^ Sections of Soft Tissues. 

18. Common scalpels. — § 74. ' Valentin's hnife. — § 77, 
18a. Double-edged scalpel— I 76, PI. 22, PI. 22, Figs. 82, 83. 

Fig. 81. 

19. Scissors. — Ordinary form and two small Spring scissors. — § 79, 

pair, one wiih curved blades.— § 79, PI. 22, Fig. 80. 
PI. 22, Figs. 78, 79, 80. 

20. Needles mounted in handles.- § 80, Oompressorium. — 

Pig. 84. § 153, PI. §0, Figs. 

20a. NeedlesflatfenedneaTihepointB. — ^SO. 126,127. 
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NB0BS3ART. 



ADVANTAGEOUS. 



21. Forceps. — One pair of ordinary dis- 
secting forceps, and one pair with curved 
blades.— § 81,~P1. 23, Figs. 85, 86. 

For Dissecting under Water. 

22. 0?asscZ»sA6s of various sizes from an inch Large ' huWs-eye co«r 
to two inches in depth. — § 141. denser, for conden- 

23. Loaded corks.— ^ 142, PI. 30, Fig. 124. sing a strong light 
. a. Fine pins axii. thin silver vrire. upon the object. — 

25. TaWefeofwax and guttapercha.— §143. § 142, PI. 29, Fig. 

121. 



For Cutting Thin Sections of Hard Tissues. 

26. Saw with fine teeth, for cutting thin Section cutter for cut- 

sections of bone.— § 149, PI. 23, Fig. 90. 

27. Hones for grinding the sections thinner 

and polishing them. — § 149. 

28. Strong knife for cutting thin sections of 
horn, &c.— § 147, PI. 23, Fig. 89. 



ting thin sections of 
wood.— § 152, PI. 30, 
Fig. 125. 



VII.— Cements. 

29. JBrwnsvnck black, containing a few drops 

of a solution of India rubber in coal 
naphtha. — § 91. 
29a. Bell's cement. — f 90. 

30. Marine glue. — § 92. 

31. Ghim water.— ^ 97. 

32. Gum thickened with starch or whiting. 
—§97. 

33. French cement, composed of lime and 

India rubber. — § 98. 



Gold Sixe.—^ 87. 
Solution of shell-lac.- 
§59. 



VTII.— Preservative Fluids. 



34. Spirit and water. — § 99. 

35. Glycerine. — § 100. 

36. Solution of naphtha and creosote. — § 102. 

37. Chromic acid. — § 104. 

38. Turpentine. 

39. Canada balsam.—^ 9'4. 



Gelatine and glycerine. 

§106. 
Gum and glycerine. — 

§ 107. 
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APPAEATTJS EEQTJIEBD IN 



NEOESSABT. 



ADVANTAGEOUS. 



Sliadbolt's 

— § 116, PI. 24, Fi 
93. 



IX.— Apparatus Beaiiired for Slaking Cells and for Cutting' 
and Gt-rindinir Glass. 

40. Brass plate for heating slides to which 
marine glue is to be applied. — § 72, 
PI. 21, Fig. 74. 
Cements before enumerated. — §'^ 87 to 98. 

41. Small brash made of bristles. 

42. Tinfoil of different degrees of thickness. 
— § 118, PI. 24, Fig. 96. 

43. Writing diamond.—^ 120, PI. 24, Fig. 99. 

44. Glazier's diamond.—^ 119, PI. 24, Tig. 



45. Mai stone or pewter plate for grinding 
glass. — § 121. 

46. Emery powder. 

47. Old knife and small chisel for cleaning 
off superfluous glue.— § 123, PL 24, 
Fig. 94. 

48. Solution of potash (liquor potassae). 

49. Sections of glass tubes and of thick square 
vessels, of various sizes, for making cells 
forthe preservation of injections.— § 127, 
PI. 25, Figs. 100, 104. 



Brass rings for cut- 
ting circles of thin 
glass.- § 120, PL 24, 
Fig. 94. 

Wooden forceps for 
holding glass slides. 
—§82. 



Shallow concave glass 

cells. 

Moulded glasp cells, — 

§130. 



X.— Apparatus for Preserving Objects in Air, Fluid, and 
Canada Balsam. 



50. Cells of various sizes, before enumerated. 
— § 126, PL 25, Fig. 105. 
Brunswick Black. 

Gum thickened with whiting.— § 97. 

51. Thin glass cut of the requisite size. 
Preservative solutions. — §§ 99 to 113. 

5 2. Watch glasses to soak sections in the pre- 
sei-vative fluids. — § 85. 

53. Glass sliades to protect recently mounted 
preparations from dust. — TSois, § 159, 
PL 27, Fig. 92. 

54. Brass plate.— ^ 72, PL 21, Fig. 74. 

Canada balsa/m. — § 94. 
Needles to remove air bilbbles. 



Apparatus for pressing 
down the thin glass 
cover while th% ce- 
ment is drying. — 
§161, PL 35, Fig. 169. 

Bell jur with vessel 
for sulphuric add, 
covered with wire 
gauze. 

Air-pump to remove 
air bubbles from the 
interstices of a tissue. 
— § 165, PL 35, Fig. 
160. 
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NBOBSSAKY. ADVANIAGEODS. 

XI.-^Apparatus Bequired for the Separation of Deposits from 
Fluids and for their Preservation. 

55. Conical Glasses. — § 171, PI. 37, fig. 171. Glass troughs for Zoo- 

56. PiiBeaes.—% 172, PI. 37, Pig. 172. phytes.—-p. 46. 

57. Waslirhottle.—^ 180, PI. 37, Pig. 173. 

58. Cells for the examination of infusoria. — 
§ 175, PI. 35, Pig. 157, PI. 11, Fig. 32. 

59. Animodcule cage. — § 133, PI. 35, Pig. 

157, PI. 40, Pig. 32. 

XII. — Instruments and Apparatus Betiuired for making: 
Injections. 

60. Injecting syringe, holding from half an 

ounce to an ounce. — § 183, PI. 38, Pig. 

184, and Pig. 179. , ' 

61. Pipes of various sizes.— § 183, PI. 38, Stop-cocks.—^ 183, PI; 

Pig. 182. 38, Pig. 182. ' 

62. Corks for stopping the pipes. — § 188, 
PI. 38, Pig. 177. 

63. Needle for passing the thread round the 
vessel.— § 183, PI. 38, Pig. 183. 

64. Thread of different degrees of thickness. 

64. BuU's-nose forceps for stopping vessels.— 

§ 183, PI. 38, Pig. 178. 

For Maldng Opaque Injections. 

65. Size or gelatine.—^ 185. Injecting can, made of 

66. rermUion.—^ 187. , copper.— § 184, PI. 

67. Bichromate of potash and acetate of lead 38, Pig. 180. 
for making solutions for precipitating 

yellow chromate of lead. — § 188. 

68. Carbonate of soda and acetate of lead for 
making solutions for precipitating car- 
bonate of lead. — § 189. 

For Making Transparent Injections. 

69. Fprrocyanide of potassium. "Muriated Carmine. — § 195. 
tincture of iron." Glycerine and Spirits 

of wine for preparing the Prussian blue 
injecting fluid. — § 196. 
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NEOBSSAKT. ADVANTAGEODS. 

XIII.— Chemical Analysis in SEicroscppical Investigation. 

70. Platinum foil. Small platinum cap- 

71. Test tubes and raci).—F\. 41, Pig 192. sule. 

72. Small tubes about an inch or an inch and Small flasks. 

. a half in length. Platinum wire. 

73. Stirring rods. 

74. Mvaporating basins. — PI. 21, Fig. 76. 
76. Watch glasses. — § 85. 

76. Small glass bottles with capillary orifices. 

— § 236. 

77. Wire triangles, tripods. — § 71, PI. 21. 

78. Small retort stand.— % 70, PI. 21. 

Beagrents :— 

79. Alcohol.—^ 219. 

80. Ether. GUoroform.—^ 220. 

81. Mtric acid.—% 223. 

82. Sulphuric acid. — § 223. 

83. Acetic add. — § 225. 

84. Hydrochloric acid. — § 224. 

85. Ammonia. — § 231. 

86. Solution of potash. — § 228. 

87. Solution of soda.— % 229. 

88. Nitrate of silver.— ■% 233. 

89. Nitrate of Barytes.—% 232. 

90. Oxalate of ammonia. — § 234. 

91. Iodine solution.— % 2S5. 

92. Test Papers. 

XIV.— Cabinet for Preserving' D/Ticroscopical Specimens. 

93. Drawers arranged bo that the Bpeoimens 

ma.y lie p^fectly flat. — § 181. 
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BRITISH MICROSCOPE MAKERS. 



Baker, 44, High HoUorn, London. 

Brysou, Prinoes-street, Edinburgh. 

Collins, Charles, 77, Great Titehfleld-street, 
Oxford-street. 

Crouch, H. and W., Regent's Canal, Com- 
mercial-road, London. 

Dancer, 43, Cross-street, Manchester. 

Field, Birmingham. 

Highley, S., Green-street, Leicester- 
square, London. 

King, Bristol 



Ladd, W., 12, Beak-st., Begent-st.,London, 

Murray and Heath, 43, Piccadilly, London. 

Parkes and Son, St. Mary's-row, Bir- 
mingham. 

Pillischer, 88, New Bond-street, London. 

Powell and Lealand, 170, Euston-road, 
London. 

Boss, 2, Featherstone-huildings, London. 

Salmon, 100, Fenchurch-street, London. 

Smith, Beck, and Beck, 6, Coleman-street, 
London. 



FOREIGN MICROSCOPE MAKERS 

Amlci, Modena. 

Beufeche, Berlin, Tempelhofer Strasse 7. 

Bnmner, Paris. 

Chevalier, Paris. 

Hartnack and OberhSuser, Place 

Dauphine 21, Paris. 
Hasert, B., Eisenach. 
Kellner, Wetzlar. 



Merz, G. and S., Munich. 

Mirand, A., senr., Paris. 

Nachet, Eue St. Severin 17, Paris. 

Ploesl, S., Vienna. 

Schroder, ^ Hamhurff, HoUSndischer 

Brook 31. 
Schiek, F. W., Berlin, Halle'sche Str. 15. 
Zeis, C, Jena. 

Most of the microscope makers furnish cabinets and boxes for objects, apparatus and 
instruments required by the microscopist. 

PREPARERS OF MICROSCOPIC OBJECTS. 

7, HaTerstock-street, 



Bkmett, J. E., Whitehall-st., Tottenham. 
Hett, A., 4, Albion-grove, Ishngton. 
Hudson and Sons, Greenwich. 
Norman, J., 178, City-road, London, E.G. 



Topping, C. M., 

City-road. 
Webb, H., George-street, 

Birmingham. 



Balsall-heath, 



Collections of objects of various kinds may also be obtained of almost all the 
microscope makers. 



MATERIALS AND APPARATUS FOR MOUNTING OBJECTS. 

Crouch, Kegent's Canal, Commercial- 
road, London. 
Griifin, 119, Bunhill-row, London. 



HigMey, Green-st., liCicester-sq., London. 



Matthews, Portugal-street, Lincoln' s-inn, 

London. 
Smith, Beck, and Beck, Comhill, Loudon. 
Norman, 178, City-road, London, E.C. 



ARTISTS. DRAUGHTSMEN". 



Dr. Westmacott, King's College, London. 
Aldous, W. Lens, 47, Liverpool-street, 
King's Cross. 



West, Tuffen, W. West, Hatton-garden. 
Searson, J., Eoyal College of Surgeons. 



WOOD BFURAVBRS. 



Hart, Mr., 33A, Red Lion-square, E.C. 
Powell, Miss, 170, Euston-road, N.W. 



I Euffle, Mr., 17, Princes-road, Kennington. 
Stevens, Mr., 48, Essex-st., Strand, W-C. 



PRINTERS. 



LITHOGRAPHIC AND PHOTOGRAPHIC 
PRINTERS. 



Adlard, 22^, Bartholomew-dose. 
Blanchard and Sons, Millbank-street. 
Harrison and Sons, St. Martin' s-lane. 
West, W., Hatton-garden, E.C. 



Brooks, v., Lithographic Printer, Photo- 
graphic Lithography, 1, Chandos-street, 
Covent-garden. 

Toovey, Photographic Lithographer. 



LITHOGRAPHIC STONES— DIAMONDS FOR ENGRAVING, 
AND OTHER APPARATUS USED IN LITHOGRAPHY. 

Stoer Brothers, Vulcan Wharf,, 16, Earl- 
street, Blackfriars, London. 



Hughes and Kimber, West Harding-street, 
E.C. 



APPARATUS FOR DRAWING, ENGRAVING,' <fec, 

PENCILS, COLOUES, TBACING PAPEES, ifcc. 
Brodie, Long-acre, and other Artists' Colourmen. 
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WOEKS' ON' THE MICROSCOPE, &c., USEETJL 
TO. THE STUDENT. 

The Microscope and its Revelations. Dr. W. B. Carpenter, 
F.R.S. John Churchill and Sons. 1862. 

The Microscope. Prof. Quekett. Baillifere. 

The Microscope ; its History, Construction, and Teachings. 
Jahez Hogg. 

The Microscope in Vegetable Physiology. Schacht. 

The Microscope. Hannover, translated. 

The Microscope. Dr. Lardner. 

The Microscope. Dr. Wythes. 

Manual of Human Microscopic Anatomy. Prof. KoUiker. 
Translation by Dr. Chance. 

The Microscope in its Application to Clinical Medicine. 
Dr. Lionel Beale, P.R.S. 1858. Churchill and Sons. 

The Microscopic Anatomy of the Human Body in Health and 
Disease. A. H. Hassall, M.D. 

On the Structure and growth of Tissues. Dr. Lionel Beale, 
P.R.S. 1861. Churchill and Sons. 

Text Book of the Microscope. Dr. Griffith, F.L.S. 1864. 
John Van Voorst. 

Text Book of Objects for the Microscope. J. Lane Clarke. 

The Preparation and Mounting of Microscopic Objects. 
Thomas Davies. Robert Hardwioke. 

Micrographic Dictionary GriflBth and Henfrey. 

Microscopic Teachings. The Hon. Mrs. Ward. Groombridge 
and Sons. 

Half-hours with the Mifirosoope, Dr. Lankester, F.R.S. 

Evenings at the Microscope. P. H. Gosse, F.R.S. 

Sea Side Studies. G. H. Lewis. 

A Manual of the Sub Kingdotn Protozoa. J. R. Greene, B.A. 
Longmans. 1863. 

A Manual of the Sub Kingdom Coelenterata. J. B. Greene, 
B.A. Longmans. 1863. 

A History of Infusoria, including the Desmidife and Diatoraaceaa. 
Dr. Andrew Pritohard. Whitaker and Co. 

British Diatoraacese. The Rev. W. Smith. 

British Freshwater Algse. A. H. Hassall. 



265 

Marvels of Pond>Life. H. J. Slack. Groombridge and Sons. 

Butterfly Vivarium. Noel Humphreys. 

The Common Objects of|.the Microscope. The Rev. J. G. 
"Wood. Routledge and Co. 

The Common Objects of the Country. The Rev. J. G. Wood. 
Routledge and Co. 

The Common Objects of the Sea Shore. The Rev. J. G. Wood. 
Routledge and Co. 

The Aquarium, of Marine and Freshwater Animals and Plants. 
G. B. Sowerby, F.R.8. Routledge and Co. 

British Seaweeds. With Notices of some of the Freshwater 
Algse. The Rev. D. Landsborough. Routledge and Co. 

POEBIGN BOOKS. 

Das Mikroskop. P. Harting and Dr. F. W. Theile. Vieweg 
and Sohn. 1859. 

Das Mikroskop und die Mikroskopische Tecknik. Dr. Heinrich 
Frey. 1863. 

Das Mikroskop und sein Gebrauch fur den Arzt. Dr. Her- 
mann Reinhard. 1864. 

Beitrage zur Neuern Mikroskopie. Fried Reinicke. 1862. 

Gewebelehre. Gerlach. 

Lehrbuch der Histologie. Leydig. 

Du Microscope et des Injections. Robin. 1849. 

Observateur au Microscope. Dujardin. 1842. 

JOUENALS, PEEK)DICALS. 

Quarterly Journal of Science. Edited by J. Samuelson and 
W. Crookes, F.R.S! John Churchill and Sons. 

Quarterly Journal of Microscopical Science. Edited by 
Dr. Lankester, F.R.S., and George Busk, F.R.S. John Churchill 
and Sons. 

The Reader. Weekly. 

Popular Science Review. Edited by Prof. Henry Lawson, M.D. 
Hardwicke. 

Archives of Medicine. Edited by Dr. Lionel Beale, F.R.S. 
John Churchill and Sons. 

Intellectual Observer. Monthly. Groombridge and Sons. 

The Electrician. Weekly. Saunders and Ottley. 
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ABEERATION, spherical and chromatic, 
7. 

Achromatic condenser, 23. 

Acid, acetic, 130. 

syrup, 202. 

and glycerine, for wasMng and 

preserving thin sections, 202. 

action of, upon animal struc- 
tures, 131. 

in examination of the spinal 

cord, 146. 

chromic, 61. 

nitric, 132. 

Acids, effects of, upon animal structures, 
131. 

Achromatic condenser, 23. 

Action of glycerine and syrup on tiBSues, 
198. 

Adipose tissue, 94. 

Adjustments for altering the focus, 8. 

Air-bubbles, 100. 

Air, removal of, from the interstices of a 
tissue, 100. 

Alcohol, 58. 

effects of, in hardening tissues, 130. 

Alkalies, effects of, upon animal struc- 
tures, 133. 

Alum, solution of, 63. 

Anunonia, 134. 

Ammoniaco-magnesian phosphate, 1 39. 

Analyzer, 24. 

Anatomical peculiarities of tissues, 78. 

Angle of aperture, 7. 

Amlin colours. 192. 

Animalcule cage, 72, 86. 

Apparatus for cutting thin sections of 
wood, 85. 

— ~ necessary for microscopical research, 
12, 19, 241. 

Arranging light, 27. 

Arsenious acid, solution of, 63. 

Arseniuretted hydrogen, 63. 

Artificial illumination, 25. 

Artificial injections, 55. 

Artists, engravers, &c., 263. 

BALSAM, Canada, 55. 

solutions of, 56. 

Barytes, nitrate, 135. 

Bell's cement, 53. 

Binocidar microscope, 13. 

Blanket hair, 245. 

Blood corpuscles, 101. 

Blue colours for staining, 192. 

. injections, Prussian blue, 114. 



Boiling tissues, 145. 

Bone, examination of, 84. 

Books on the Microscope, British and 

foreign, 264. 
Brass plate, 48. 
Bread crumbs, 74. 
Brunswick black, 54. 
Bbtson, microscope maker, 263. 
Built glass cells, 70. 
BuH's-eye condenser, 21. 
Burnett's solution, 63. 

CABINETS for microscopic preparations, 

105. 
Camera lucida, 27. 

photographic 153. 

Canada balsam, 55. 

solutions of, 56. 

mounting preparations in, 98. 

examination of objects in, 98. 

^ — of hard tissues in, 99. 

Canaliculi of Bone, 99. 

Cans for injecting, 1 09. 
Capillary vessels, 107, 
Carbolic acid, solution of, 61. 
Cairbonate, testing for, 139. 
of lead, 110. 

of Ume by reflected light, 87. 

in different media, 87. 

Carmine iiyecting fluid, 112 

fluid adapted for researches with the 

aid of the highest powers, 201, 

Caution necessary in drawing inferences 
from microscopical examination, 241. 

Cells, 223; 

for preserving preparations, 65, 

for examination of deposits, 72. 

Brunswick black, 66. 

gutta percha, 71. 

marine glue, 66^ 

paper, 66. 

tinfdil, 66. 

-very thin glass, 68. 

Cements, 53. 

French, composed of lime and India- 
rubber, 56. 

for attaching gutta percha to the 

glass shdes, 54. 

for attaching cover to large glass 

cells, 56. 

Chemical analysis in microscopical inves- 
tigation, 123. 

apparatus required for, 128. 

reagents, use of in elucidating struc- 
tures, 123. 
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Chemical reagents dissolved in glycerine, 

202. 
tests, application of, to olijects under 

the.microscope, 137. 
Chevalier, microscope malcer, 263. 
Chloride of calcium, solution of, 63. 
Chromic acid, 61. 
Chromate of lead, 110. 
Chromaitc aberration, 7. 
Ciliary motion, aO, 
in the kidney of the frog and newt, 

81. 
Ciliated epithelium, 80. 
Clakke, Mr. J; L., method of examining 

spinal cord, 146. 
Cleanliness, importance of, in microsco- 
pical investigation, 241. 
Cobweb micrometer, 35. 
Colouring matters used for injection, 110. 
solutions, various, with glycerine, 

202. 

chromate of lead, 110. 

Prussian blue, 113. 

vermiUon, 110. 

Compressorium, 85. 
Concave glass cells, 70. 
Condenser, achromatic, 23. 

bull's eye, 21. 

Gillett's, 24. 

Conical glasses, 101. 

Corks for dissecting under water, 81. 

— '— for injecting pipes, lOts. 

Cotton fibres, 245. 

Cover, application of, to cell, 93. 

Covering glass, very thin, adapted for 

very high powers, 220. 
Creosote solution, 60. 
Crystals, on measuring the angles of, 43. 

formation of, 140. 

Cutting glass, 67 . 

circular pieces of thin glass, 67. 

thin sections of soft tissues, 83. 

hard tissues, 84. 

DANCER, microscope malcer, 263. 

Dark-ground illumination, 21 . , 

Day light, examining microscopical' ob- 
jects by, ,20. 

Deane, Mr., his preservative gelatine, 61. 

Deep glass cidls, 70. 

made with blowpipe, 71. 

Delves, Mr., on photographs, 150. 

Demonstrating minute structure with the 
highest powers, 197. 

Dennis, Mr., on glass cells, 70. 

Deposits, collecting small quantities of, 
102. 

Destroying the life of animals intended for 
injection, 122. 

Diamond, cutting, 67. 

writing, 67. 

Diaphragm, 10, 23. 

Diatomaceffl, siliceous skeletons of, 101. 

Dissecting microscopes, 14, 17. 

tissues in viscid media for examina- 
tion with high powers, 204. 

Dissection under the surfaCe ijf fluid, 81. 

Draughtsmen, artists, and engravers, 263. 

Drawing objects, 26. 

on tl-ansfer paper, 29. 

' on stone, 30. 



Drawings intended to be engraved, 28. 
Drying tissues for microscopical examina- 
tion, 83. 

ENGRAVERS, 263. 

Epithelium, ciliated, 80. 

Ether, 129. 

Evaporation and drying, 48. 

Examination of deposits from fluid, 101. 

■ of objects by reflected lisht, 20. 

of objects by transmitted light, 23. 

of organs in lower animals,' 79. 

of soft tissues, 93. 

of hard tissues, 83, 99. 

of vegetable tissues, 95. 

of circulation in the cells of vaUis- 

neria, 96. 

of substances in different media, 87. 

of tissues, 78. 

of muscle, 93. 

of tissues by boiling previously, 145. 

— — of tissues by drying, 91. 

■ of the same object in different media, 

87. 

of tissues, magnifying powers re- 
quired in. 6. 

of crystals, 142. 

Extraneous substances, 245. ' 

Eye-pieces, 6. 

Eye piece micrometer, 35. 

FALLACIES to be guarded against, 241, 

Fibres of deal wood, 245. 

and membranes produced artificially, 

243. 
Fibrillse of muscle, 77. 
Finders, 42. 
Fish, injecting, 116. 
Fixing cells to glass slides, 65. 

cover on large glass cells, 71. 

Flax, 245. ■ 

Flesh, examination of, 89. 

Fluid for injecting, preparation of, 107. 

Focus, arrangement for altering, 8. 

Forceps, 51. 

for stopping vessels in injecting, 109. 

Foimed material, 214, 223. 
FRA0ENHOFER, microscope- maker, 263. 
Freee, Dr., his method of making thin 

glass cells, 68. ♦ 

French cement, composed of lime and 

India-rubber, 56. 
Frog,'injectionof, 118. 
Fimgi, 101. 

GAS lamp, 25. 

Gelatine, preservative, 61. 

■ ■ and glycerine, 62. 

and size for injecting, 109. 

Generalization In microscopical inquiiies, 

240. 
Gerlach, his carmine injecting fluid, 

112. 
Germinal matter, 214, 223. 
Gillett's condenser, 24. 
Glands, injection of, 119. 
Glass cells, 6. 
cov6r, very thin, for the highest 

powers, 220.' 
for polishing thin sections of hone, 

&c., 84. 
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GlasB slides, 51. 

Glasses for dissecting xinder water, 81. 

Globule, 100. 

Glycerine, 58. 

action of, on tissues, 198. 

and acetic acid for washing and pre- 
serving thin sections, 202. 

chemical reagents dissolved in, 202. 

and syrup, 200. 

GoADBY, Dr., preservative solution, 62 

Gold size, 53. 

Goniometer, 43. 

Granule, 246. 

Grinding: glass, 67. 

— -— thin sections of hard tissues, 84. 

Gum, 56. 

and glycerine, 62. 

Gutta percha cement, 54. 
Gtry, Dr., his cells, 72. 

HAIE, transverse and longitudinal sec- 
tions of,, 84. 

Hard tissues, practical operation of pre- 
paring, for examination with the highest 
powers, 209. 

Hardening tissues, 83. 

solutions for, 144. 

Heating objects, apparatus for, 129. 

Herepath, Dr., on crystals of iodo- 
quinine, 24. 

High magnifying powers, use of, 215. 

Highest magnifying powers, 218. 

HiGHLET, microscope maker, 263. 

Holderforpressing objects between glasses, 
66. 

Hones for giinding hard tissues, 84. 

Horn, sections of, 83. 

How to examine an object in the micros- 
cope, 73. 

Huyghenian eye-piece, 6. ^ 

ICELAND spar, 24. 

Igniting substances to remove organic 

matter, 127. 
Illumination, artificial, 25. 

dark ground, 21. 

of objects magnified hy very high 

powers, 220. 

of opaque objects, 21. 

of transparent objects, 23. 

Importance of observers delineating their 

own work, 32. 
ofexamining objects in various ways, 

80. 
Inclining microscope, arrangement for, 9. 
Increasing the size of the image without 

altering the object-glass, 221. 
Influence of media upon the niicroscopi<^l 

appearance of substances, 80. 
Infusoria, examination of, 103. 
Injecting, 107. 

cans, 109. 

. ■ coloring matters employed in, 110. 

fishes, insects, moUusca, 117. 

fluids adapted for reasearches with 

the aid of the highest powers, 200. 

lymphatic vessels, 121. 

operation of, 117. 

piles, 108. 

syringes, 108. 

Prussian blue fluid for, 114. 



Injections, natural and artificial, 108. 

• mounted in Canada balsam, 122. 

of liver, 120. 

Ink, lithographic, 31. 
Instruments, 49. 
lodo-quininc, 24. 

JACKSON, Mr., his micrometer, 35. 

KIDNEY of newt, 79. 
Knives, dissecting, 49. 

section, of new form, 49, 

thin-bladed, 49. 

Valentin's, 49. 

LACUNA of bone, 100. 
Lad-d, microscope maker, 263. 
Lamp, High ley's gas microscope, 25. 

camphine. Smith and Beck's, 25. 

spirit, 47. 

LlEBEBKDHN, 21. 

Light, polarized, 24. 

reflected, examination by, 20. 

transmitted, 23. 

Lime, carbonate of, 87. 

Lime, and India rubber cement, 56. 

phosphate of, 139. 

Lithographers, 

Lithographs, obtaining of mic. drawings, 

29. 
Lithographic ink, 31, 
Loaded corks, 81. 
Lymphatic vessels, 76. 

injecting of, 121. 

feathers mistaken for, 263. 

MAGIC LANTERN, photographs of microT 
scopic objects for, 187. 

Magnifying power, method of ascer- 
taining, 38- 

use of very high, 215. 

Maltwood, Mr., his finder, 42. 

Marine glue, 54. 

Matthews, Mr., new formf of Valentin's 
knife, 50. 

Matters, extraneous, 245. 

Measuring, method of, 37. 

objects with the camera, &c., 37. 

Measurements, table for conversion of 
British and Foreign, 40. 

Media in which tissues should be placed 
for examination, 89. 

Mercurial injection, syringe for, 116. 

Merz, microscope maker, 263. 

Metallic reflector, 21, 

Methylated spirits of wine, 68. 

Method of examining soft tissues, 78. 

of rendering tissues hard and trans- 
parent, 146. 

of increasing the size of the image 

without altering the object-glass, 221. 

of preparation adapted foi; researches 

with the aid of the highest powers, 195. 

Micrometer, 35. 

■ cobweb, 35. 

eye-piece, 35. 

stage, So. 

S^croscope, 4. 

body of, 9. 

diaphr^m of, 10, 

stage of, 9. 
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Microscope, arrangement of, for drawing, 

26, 

binocular, 13. 

choice of a, 11. 

clinical, pocket or class, 14. 

dissecting, 14, 17. 

essential points in construction of, II. 

makers of, 263. 

simple and compound, 5. 

student's, 10. 

how to examine ohjects in, 73. 

apparatus necessary in a, 12. 

travelling, 13. 

Microscope objects, preparers of, 263. 
Microscopical inyestigation, diemical 

analysis in, 123. 
Mirror, 8. 
Molecules, 246. 
Moulded glass cells, 71. 
Mollusea, injecting, 117. 
Mounting objects in Canada balsam, 98. 

apparatus for, 258. 

in the dry way, 91. 

in fluid, 92. 

preparations in large glass cells, 56. 

sections of bone, 84. 

Muscular fibre, 77. 

NACHET, microscope malcer, 263. 
Naming preparations, 105. 
Naphtha and creosote solution, 60. 
Natural injections, 108. 
Needles, 50. 

— for passing thread round vessela, 109. 
Negative eye-piece, 6. 

Nerve fibres, 94, 

Neutral tint-glass reflector, 27. 

New views relating to structure and 

growth, 212. 
Newt, kidney of, 79. 
Nicol's prism, 24. 
■ Nitrate of barytes, 135. 

of silver, 135. 

for staining tissues, 193. 

Nitric acid, 130. 

effects of, upon animal structures, 132. 

NoBEBT's micrometer lines, 86. i 

Notes of observations, 246. ' 

OBERHAUSEE, microscope maker, 263. 
Object-glasses, 6. 

on ascertaining the magnifying 

power, of 38. 

Objects, drawing of, magnified with very 
high powers, 221. 

importance of examining, various 

ways, 86. 

illumination of, magnified by very 

high powers, 220. 

examined in different media, 24. 

simple method of measuring of, 37. 

to ascertain diameter of, 38. 

Observers, delineating their own work. Im- 
portance of, 32 

Oil-globules, 100. 

Opaque injections, 109. 

Operation of injecting, 117. 

OsBORN, Lord S. G., his process of staining 
tissues, 190. 

PAPEE, tracing, 29. 



Paper retracing, 29. 

transfer, 30. 

Parabolic reflector, 23. 

Pewter plate for grinding glass, 67. 

Phosphates of lime, 139. 

triple or amoniaco-magnesian, 139. 

Photography, application of, to micro- 
scopy, 149. 

history of, 150. 

apparatus, 153. 

Mr. Wenham, his arrangement, 153. 

Mr. Delves, his arrangement, 153. 

Mr. Shadbolt, his arrangement, 155. 

Dr. Maddox, his arrangement, 155. 

Drs. Abercrombie and Wilson, their 

arrangement, 159. 

of the illumination — sunlight, 161. 

of the illumination — artificial light, 

162. 

of focussing. 163'. 

the object-glasses, 164. 

stereoscopic photographs, 166. 

chemical solutions, 168. 

■ collodion, 168. 

nitrate bath, 169. 

developing solutions, 170. 

fixing solutions, 171. 

practical manipulations, 172. 

cleaning the glass-plates, 172. 

arranging the camera, 173. 

■ inserting the plate, 176. 

developing the image, 148. 

varnishing the plate, 180. 

cleaning old plates. 181. 

increasing intensity of negative, 181. 

of printing, 182. 

preparing the paper, 1 82. 

toning solution, 183, 185. 

fixing solution, 1§5. 

of mounting prints, 186. 

Photographs of microscopic objects for 

magic lantern, 187. 
PiLLiscHER, microscope maker, 263. 
Pins for dissecting, 51, 
Pipe, injecting, 108. 
Pipettes, 102. 
Plate-glass slides, 51. 
Ploesl, microscope maker, 263. 
Polarized light, 4. 
Polishing thin sections of hard tissues, , 

84. 
Positive eye-piece, 6. 
Potash, 133. 

and soda solutions of 203. 

Powell and Lealand, microscope 

makers, 263. 
Powers, use of very high, 215. 
Practical operation of preparing hard 

tissues for examination with the highest 

powers, 209. 

soft tissues, do. do., 204. 

Preparation, new methods of, 189. 

adapted for researches with the aid 

of the highest power, 195, 
Preparations mounted in the dry way, 

91. 

aqueous fluids, 92. 

Canada balsam, 98. 

Preparers of microscopic objects, 263. 
Preparing portions of injected preparations 

for microscopical examination, 121. 
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Preparing embryonic tissues for examin- 
ation with the highest powers, 212. 

hard tissues, do., do., 209. 

soft tissues, do., do., 204. ^ 

■ objects for examination, 81. 

Preservation of objects in aqueous fluids, 
58, 92. 

of crystals, 144. 

Preservative fluids, 58. 

Gannal's solution, 63. 

gelatine and glycerine, 62. 

glycerine, 58. 

GoADBT's solution, 62. 

other saline solutions, 63. 

solution of chromic acid, 61. 

solution of naphtha and creosote, 60. 

spirit and water, 58. 

Thwaites' fluid, 59. 

Price's patent glycerine, 59. 

Printers, 263. 

Prussian blue, 113. 

advantages of employing, 113. 

composition of, 114. 

QUEKETT, Mr., his arrangement for con- 
denser, 23. 

RAZOR, 50. 
Reagents, 129. 

alcohol, 129. 

ether chloroform, 129. 

effects of, 130. 

acetic acid, 130. 

hydrochloric acid, 130. 

— — nitric acid, 130. 

-^ sulphuric acid, 130. 

sulphuric acid, effects of on organic 

structures, 131. 

potash, 133. • 

soda, 133. 

soda, effects of, on organic structures, 

133. 

ammonia, 134. 

nitrate of barytes, 135. 

nitrate of silver, 135. 

oxalate of ammonia, 135. 

— — iodine solutions, 135. 

application of, to minute quantities 

of matter, 137. 
effects of, upon animal structures, 

131. 
kept in small glass bulbs with capil- 
lary orifices, 137. 
Red injections, 110. 
Reflected light, 20. 
Reflector, parabolic, 20. 
Retort stand, 48. 
Retracing paper, 29. 
RicHAUDSON, Dr., method of preserving 

tissues in nitrogen, 63. 
Rings, brass, for cutting circular pieces of 

thin glass, 67. 
RosB, microscope mafier, 263. 
Rotifers, examination of, 103. 
Round cells, 72. 

SALINE preservative solutions, 63. 
Salmon, Mr., microscope maker, 263. 
Salts, various metallic, for staining tissues, 

194. 
Scalpels, 49. 



Scalpels, double-edged, for cutting thin 

sections, 49. 
ScHiEK, microscope maker, 263. 
Schmidt's goniometer, 44. 
Scissors, 50. 

for cutting thin sections, 50. 

SeEiling-wax varnish, 53. 
Sections of hair, longitudinal and trans- 
verse, 84. 

■ of bone, 84. 

of wood, S5. 

of shell, 85. 

of teeth, 84. 

of hard tissues, 83, 84, 85. 

of soft tissues, cutting, 82. 

Sbadbolt, Mr., apparatus for making 

cells, 66. 
Shades, 52. 

Shell-lac, solution of, 53. 
Siliceous skeletons of diatomacese, 101. 
Silver, nitrate of, 135. 
Simple method of measuring objects, 37. 
Size and gelatine for injecting, 109. 

gold, 53. 

Slides, 51. 

SuiTH and Beck, microscope makers, 263. 

lamp, 25. 

Soda, caustic, 145. 

and alcohol, for hardening tissues 

and making them transparent, 146. 

and potash, solution of, 203. 

Soft tissues, cutting thin sections of, 82. 
Practical operation of pi^paring for 

examining with the highest power, 

204. 
Solution of ehrbmic acid, and bichromate 

of potash, 203. 

of potash and soda, 203. 

colouring with glycerine, 202. 

Spherical aberration, 7. 

Spot-glass, 22. 

Spinal cord, method of obtaining sections 

,of, 146. 
Spirit-lamp, 47. 
Spirits of wine, methylated, 58. 
Stage micrometer, 36. 

of microscope, 9. 

Standards of measurement, 39. 

foreign conversion of, 39. 

Staining tissues, 190. 

process followed by the Rev. Lobd 

S. G. OSBOBNE, 190. 

Thirsch, his method, 191. 

Starch globules, 102. 
Steam bath, 48. 
Steel mirror, 8. 

. disk, 27. 

Stone, drawing on, 30. 
-~- engraving on, 30. 
for grinding thin sections of hard 

tissues, 84. 

lithographic, 31. 

Stopcocks, 109. 

Stops, 21. 

Structure of tissues, general observations 

on, 76. 

new vieiys relating to, 212. 

Syringe for mercurial injections, 116. 

iiyecting, 108. 

Syrup, action of, on tissues, 20O. 
and glycerine, 200. 
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TABLES for practising manipulation, 104. 

Tal)lets upon whicb. dissections may lie 
pinned oiit, 82. 

Tannin, 192. 

Tea leaves, 245. 

Teeth, sections of, 84. 

Testing for chlorides, phosphates, sul- 
phates, carhonates, lime, magnesia, 139. 

Test objects, 36- 

tubes, 1 05, 

Tests kept in bottles, or in small bulbs, 1 37. 

Tests, method of applying, to microscopical 
examination, 138. 

Thiersch, his method of staining tissues, 
191. 

Thin glass, 51. 

cells, 68. 

cover, placing it upon the cell, 95. 

Thwaites' flHid, 59. 

Time after death when tissues should be 
examined, 80. 

Tissues, demonstration of, 78. 

embryonic, practical operation of pre- 
paring of, for examination with the 
highest powers, 212. 

hard, do., do., do.. 209. 

soft, do., do., do., 204. 

which may be mounted in air, 91. 

which may be mounted in fluid, 92. 

which may be mounted in Canada 

balsam, 98. 

Tracing paper, 29. 

Transfer paper, 30. - 

Transmitted light, 23. 

Transparency of objects, 217- 

Transparent objects, illumination of, 23. 



Travelling microscopes, 14. 

Triple phosphate, 139. 

Tripods, 48 

Triton, kidney of, 79. 

Troughs for examining zoophytes, 72. 

VALENTIN'S knife, new form of, 50. 

VaUisneria, examination of, 96. 

Varnish, sealing-wax, 53. 

Vermilion, 110. 

Vessels, examination of, 107. 

Villi, 94. 

Viscid media, for dissecting tissues in, for 

examination with the highest powers, 

204. 
Vivaria, 97. 
Vorticella, 103. 

WAETNGTON, Mr., his microscope, 13. 

Wash-bottle, 104. 

"Watch-glasses, 52. 

Water-bath, 48. 

Wax and gutta percha, tablets of, 82. 

White, Mr., his arrangement for fixing on 

the thin glass cover, 95. 
White injections, 1 00. 

light for illumination, 25. 

Wood, sections of, 85. 

blocks for ensravings, 29. 

engravers, 263. 

Wooden forceps, 51. 

YELLOW injections, 110. 

ZOOPHYTES, examination of, 72, 103. 



ERRATA. 

In explanation at foot of frontispiece, for 'liemop7iora' read * 

Page 10, § 15, line 5, for ^Jvrat' read "new.* 

Page 28, line 21, insert ' 6 62, p. 37.' 

In Plate XXXIV, for ^speoulum' read ^operculum.' 
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